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1. Introduction
In RAN4 #92, WF for NR BS high speed was approved [1]. In this contribution, we provide views on PUSCH requirements and parameters for HST up to 350km/h and 500km/h.
2.	Discussion
2.1.	HST scenario
In the last meeting, HST single tap channel models for 350km/h and 500km/h were approved as the follows. For open space scenario, the Ds and Dmin are not reached consensus. And for HST up to 500km/h, the assumptions of UE velocity and the maximum Doppler shift are still open.

· HST single tap channel model for 350km/h
· Tunnel channel model

· Open space

· HST single tap channel model for 500km/h
· Tunnel channel model

· Open space


· 	Maximum Doppler shift
· Single tap HST 350km/h
· 15kHz SCS: 1340Hz
· 30kHz SCS: 2334Hz
· Single tap HST 500km/h 
· 15kHz SCS: 
· Option 1: 1944Hz
· Option 2: 1500Hz
· Option 3: 1400Hz
· Option 4: 1250Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 2600Hz
· Option 3: 3000Hz
· Option 4: 2300Hz
In LTE, the HST open space scenario with Ds = 1000m and Dmin = 50m was initially released from Rel.8. And then, in the enhanced HST scenario of Rel.16, the same Ds and Dmin values were agreed as the open space scenario and already implemented in TS 36.104 [2]. In addition, for UE velocity assumption in Rel.16 enhanced HST, 500km/h was agreed.
Rel.8 LTE HST
Table B.3-1: Parameters for high speed train conditions for UE velocity up to 350km/h
	 Parameter
	Value

	
	Scenario 1
	Scenario 3

	

	1000 m
	300 m

	

	50 m
	2 m

	

	350 km/h
	300 km/h

	

	1340 Hz
	1150 Hz



Rel.16 LTE HST
Table B.3-2: Parameters for high speed train conditions for UE velocity up to 500km/h
	 Parameter
	Value

	
	Scenario 1-LTE500
	Scenario 3-LTE500

	

	1000 m
	300 m

	

	50 m
	2 m

	

	500 km/h
	500 km/h

	

	TBD
	TBD



In general, NR FR1 deployment scenarios are similar to LTE, especially NR deployment using a refarming band are expected to align with LTE deployment due to using the same frequency band as LTE. In addition, considering migration phase from LTE to NR, it is possible to reuse the same passive components such as RF cable, antennas and so on already deployed for LTE. Therefore, it is important to consider alignment with LTE deployment scenarios and the same Ds and Dmin values as LTE are suitable for NR. From above observations, we propose to adopt option 1 for open space scenario.
Proposal 1: For open space scenario, adopt option 1 for Ds and Dmin  (Ds = 1000m, Dmin = 50m).
For a UE velocity, in LTE HST enhancement discussion, it was already agreed to define 500km/h. If UE velocity less than 500km/h is assumed for NR, it will be degraded compared to LTE HST enhancement. The target UE velocity is based on expected maximum operation speed of future trains such as Maglev (e.g., Linear motor train is under construction and expected to be launched in mid-2020s in Japan) which can reach up to 500km/h. Therefore, for the assumptions in the HST scenarios, it is necessary to maintain a UE velocity of 500km/h.
For the maximum Doppler shift, it should be considered with assumed operating band and UE velocity since the maximum Doppler shift depends on the speed and frequency. Whcn a UE velocity of 500km/h is kept, the maximum Doppler shift at frequency band n1 (2.1GHz) and n77 (3.6GHz) can be calculated as shown in Table 1. The frequency assumptions band n1 and n77 are typical use cases and expected to be wildly utilized for 15kHz SCS and 30kHz SCS, respectively.  In addition, it is very important to ensure the performance for both 15kHz and 30kHz SCS, since 15kHz SCS is beneficial for refarming band which is mainly used for FDD (e.g., Band n1) and 30kHz is beneficial for NR only band which is mainly used for TDD (e.g., Band n77/n78/n79).
Table 1: Maximum Doppler shift based on 500km/h UE velocity and Band n1 and n77
	UE velocity 
	Maximum Doppler shift

	
	Band n1 (2.1GHz)
	Band n77 (3.6GHz)

	500km/h
	1944 Hz
	3334 Hz



For DMRS configuration, the following options were captured in WF.
· Reference signal
· Option 1: DMRS (Baseline)
· Option 2: DMRS + PT-RS
· Option 1: 1+1 DMRS + PTRS L=1 or 2
· Other options are not precluded
· DMRS Configuration
· For 350km/h targeting velocity, DMRS 1+1+1 (type 1, single-symbol DMRS).
· For 500km/h targeting velocity, FFS on the following DMRS patterns.
· Option 1: 1+1+1 (type 1, single-symbol DMRS)
· Option 2: 2+2 (type 1, double-symbol DMRS)
· PUSCH mapping type: type A
· l0  for PUSCH mapping type A
· Provide the simulation results for 350km/h and 500km/h and evaluate the following configurations and make decision:
· Option 1: l0 = 3
· Option 2: l0 = 2
In Rel.15 discussion, it is already confirmed that the configuration DMRS 1+1 without PT-RS is not enough for Doppler tracking under 300km/h. For PT-RS configuration, it is not suitable for UL performance requirements since PT-RS is optional feature at UE. Therefore, DMRS 1+1+1 without PT-RS is a suitable option for the target UE velocity up to 500km/h. For the position of the front loaded DMRS, l0=2 should be considered as a baseline since general PUSCH requirements use also l0=2. However, if there is performance gain from using l0=3, it can be considered.
From above observations, the following configurations should be considered for NR HST.
Table 2: Proposed parameters for HST PUSCH requirements
	UE velocity
	Configuration

	
	15kHz SCS
Band n1 (2.1GHz)
	30kHz SCS
Band n77 (3.6GHz)

	350km/h

	fd=1340 Hz
	fd=1944 Hz

	
	DMRS 1+1+1
	DMRS 1+1+1

	
	l0 = 2
	l0 = 2

	
	w/o PTRS
	w/o PTRS

	500km/h
	fd=2334 Hz
	fd=3334 Hz

	
	DMRS 1+1+1
	DMRS 1+1+1

	
	l0 = 2 or 3
	l0 = 2 or 3

	
	w/o PTRS
	w/o PTRS



Proposal 2: Introduce HST requirements for both 15kHz and 30kHz SCS.
Proposal 3: Adopt the maximum Doppler shift of 1944Hz and 3334Hz based on 500km/h UE velocity at 2.1GHz and 3.6GHz frequency assumptions, respectively.
Proposal 4: Adopt DMRS 1+1+1 configuration without PT-RS.
Proposal 5: Adopt DMRS front loaded position l0=2 for UE velocity of 350km/h, and adopt l0=2 or 3 whichever is better performance for UE velocity of 500km/h.
Proposal 6: Define the following HST single tap scenarios:
Table 3: Summary of proposed scenarios
	Parameter
	Value

	
	Scenario 1
350km/h
(Open space)
	Scenario 3
350km/h
(Tunnel)
	Scenario 1
500km/h
(Open space)
	Scenario 3
500km/h
(Tunnel)

	

	1000 m
	300 m
	1000 m
	300 m

	

	50 m
	2 m
	50 m
	2 m

	

	350 km/h
	350 km/h
	350 km/h
	350 km/h

	

	15kHz SCS: 1340Hz (@2.1GHz)

30kHz SCS:2334Hz
(@3.6GHz)
	15kHz SCS: 1340Hz (@2.1GHz)

30kHz SCS:2334Hz
(@3.6GHz)
	15kHz SCS: 1944Hz (@2.1GHz)

30kHz SCS:3334Hz
(@3.6GHz)
	15kHz SCS: 1944Hz (@2.1GHz)

30kHz SCS:3334Hz
(@3.6GHz)



2.2.	UL timing adjustment scenario
In LTE, moving propagation conditions were defined in Annex B.3 in TS36.104 and used for PUSCH UL timing adjustment requirements.
Table B.4-1: Parameters for UL timing adjustment
	Parameter
	Scenario 1
	Scenario 2

	Channel model
	Stationary UE: AWGN
Moving UE: ETU200
	AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10 s
	10 s

	
	0.04 s-1
	0.13 s-1



Based on the existing scenario 2 which is based on HST, we propose parameters for the UE velocity up to 500km/h. The rationale of  is presented in [3]. Our proposed parameters are summarized in Table 2. Scenario Y is equivalent to existing LTE scenarios with UE velocity up to 350km/h, while scenario Z is based on the UE velocity up to 500km/h. In addition, to ensure the performance under high speed and multi-path fading condition, scenario X should be considered.
Proposal 7: As moving propagation scenarios with UE velocity up to 500 km/h, define the following scenarios. 
Table 4. Proposed parameters for NR UL timing adjustment test.
	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
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.13 s-1
	 0.18 s-1



2.3.	Multi-path fading scenario with higher Doppler frequency
In general, in HST scenario, it is guarantee to track the quick frequency changes from positive to negative and negative to positive in the short time duration under AWGN channel. However, the performance under multi-path fading condition under high speed moving is not guaranteed. In order to cover multi-path fading condition, enhanced channel model with high Doppler was introduced in LTE.
In LTE Rel.8, ETU300 (300Hz Doppler frequency) was introduced as high Doppler frequency channel model.  And then, in LTE Rel.14, ETU600 (600Hz Doppler frequency) was introduced for enhancement of LTE high speed. Both Doppler frequency values are based on 2.7GHz frequency assumption, and assumed UE velocity of ETU300 and ETU600 are 120km/h and 240km/h, respectively. 
On the other hand, in NR Rel.15, TDL-B100-400 (400Hz Doppler frequency) was introduced for FR1. The Doppler frequency value was defined based on the assumptions of 120km/h UE velocity and 3.6GHz frequency. However, the Doppler frequency assumption is not enough for multi-path fading under higher speed condition. For 15kHz, the same assumption as LTE can be considered and channel model with 600Hz Doppler frequency should be introduced, and for 30kHz, considering the scaling from 15kHz to 30kHz, it is suitable to consider 1200Hz Doppler frequency.
Proposal 8: Define the PUSCH requirements for multi-path fading scenarios with at least 600Hz and 1200Hz Doppler frequency for 15kHz SCS and 30kHz SCS, respectively.

2.4.	Parameters and configuration
In this section, we discuss parameters and configurations for PUSCH requirements for HST.
· Antenna configuration
In LTE, 1Tx1Rx for tunnel scenario and 1Tx2Rx for open space were defined. As mentioned above, it is important to align with LTE deployment scenario for migration from LTE to NR. Especially for deployment in tunnel, the space for the deployment of antennas and BS is limited, so it is beneficial to define 1Tx1Rx configuration for tunnel scenario. Considering the OTA testing and reducing test cases, we propose to define 1Tx1Rx for tunnel scenario and 1Tx2Rx for open space scenario. 
Proposal 9: Define HST requirements with 1Tx1Rx for tunnel scenario and 1Tx2Rx for open space scenarios.
· Waveform
In Rel.15 NR, the performance requirements have been defined for both CP-OFDM and DFT-s-OFDM. If the requirement for only CP-OFDM is introduced, the performance for DFT-s-OFDM is not guaranteed. Considering cell coverage alignment with LTE, the requirement for DFT-s-OFDM is beneficial. Therefore, we prefer to define HST requirements for both CP-OFDM and DFT-s-OFDM
Proposal 10: Define both CP-OFDM and DFT-s-OFDM requirements for HST.
· MCS index
In LTE, only requirements for QPSK modulation for HST were introduced. For NR HST, since it is most important to ensure the connection under high-speed conditions, at least MCS 2 should be defined. In addition, in DL HST discussion, not only QPSK but also 16QAM are considered. Therefore, to ensure better performance for higher modulation as like DL demodulation requirements, MCS 16 should be considered.
Proposal 11: Adopt MCS 2 for HST. If the performance for MCS 16 can be achieved, it should be introduced to ensure the performance of higher modulation.
· SCS and bandwidth
In LTE, performance requirements for all channel bandwidth sets are defined. On the other hands, in NR, performance requirements with limited SCS and channel bandwidth combinations have been defined in multipath fading scenarios, and the combinations are already down selected. Therefore, the same combinations as multi-path fading scenarios can be considered.
Proposal 12: Define SCS and Bandwidth configuration for HST requirements.
	CP-OFDM:
			15 kHz SCS: 5/10/20MHz
			30 kHz SCS: 10/20/40/100MHz
	CP-OFDM:
			15 kHz SCS: 5MHz
			30 kHz SCS: 10MHz
· Test metric
In general, the opportunity to transmit HARQ will increases with the low SNR condition. And also in HST condition, it is expected to increase HARQ transmission due to the quickly frequency change. Without the 30%ile throughput test metric, the performance of the HARQ function under HST scenario is not guaranteed. In order to ensure the performance including HARQ transmission, the 30%ile throughput test metric should be introduced to HST requirements as like LTE.  
Proposal 13: As test metrics for HST, use 30%ile and 70%ile throughput test metrics.
	SNR @30% of maximum throughput 
SNR @70% of maximum throughput
From above discussion, proposed parameters are summarized in Table 3.
Table 3: Proposed parameters for HST and UL timing adjustment tests
	Parameter
	value

	
	FR1
	FR1

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1


	Number of Rx
	1 for HST tunnel scenario
2, 4 for HST open space scenario
2, 4 for Moving propagation scenario X/Y/Z
2, 4 for Multi-path fading scenario
	1 for HST tunnel scenario
2 for HST open space scenario
2 for Moving propagation scenario X/Y/Z
2 for Multi-path fading scenario

	Number of layers
	1
	1

	Transmission scheme
	Identity matrix (TPMI index 0)
	Identity matrix (TPMI index 0)

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	1+1+1 (pos2)
	1+1+1 (pos2)

	Front loaded DMRS position
	2nd symbol (pos2)
or 3rd symbol (pos3)

	2nd symbol (pos2)
or 3rd symbol (pos3)


	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
	15kHz: 25 PRB; 30kHz: 24 PRB (middle of test BW)

	MCS index
	2, 16
	2, 16

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

	Propagation condition
	HST scenario 1 (350km/h&500km/h)
HST scenario 3 (350km/h&500km/h)
Moving propagation scenario X/Y/Z
Multi-path fading scenario
	HST scenario 1 (350km/h&500km/h)
HST scenario 3 (350km/h&500km/h)
Moving propagation scenario X/Y/Z
Multi-path fading scenario

	SCS and BW
	15kHz: 5MHz, 10MHz, 20MHz
30kHz: 10MHz, 20MHz, 40MHz, 100MHz
	15kHz: 5MHz 
30kHz: 10MHz

	PTRS
	Not configured
	Not configured

	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 @30% of maximum throughput SNR @70% of maximum throughput
	SNR @30% of maximum throughput SNR @70% of maximum throughput




3.	Conclusion
In this contribution, we provide parameters for PUSCH HST and UL timing adjustment requirements. The following proposals are obtained.
· HST Scenarios
Proposal 1: For open space scenario, adopt option 1 for Ds and Dmin  (Ds = 1000m, Dmin = 50m).
Proposal 2: Introduce HST requirements for both 15kHz and 30kHz SCS.
Proposal 3: Adopt the maximum Doppler shift of 1944Hz and 3334Hz based on 500km/h UE velocity at 2.1GHz and 3.6GHz frequency assumptions, respectively.
Proposal 4: Adopt DMRS 1+1+1 configuration without PT-RS.
Proposal 5: Adopt DMRS front loaded position l0=2 for UE velocity of 350km/h, and adopt l0=2 or 3 whichever is better performance for UE velocity of 500km/h.
Proposal 6: Define the following HST single tap scenarios:
Table 3: Summary of proposed scenarios
	Parameter
	Value

	
	Scenario 1
350km/h
(Open space)
	Scenario 3
350km/h
(Tunnel)
	Scenario 1
500km/h
(Open space)
	Scenario 3
500km/h
(Tunnel)

	

	1000 m
	300 m
	1000 m
	300 m

	

	50 m
	2 m
	50 m
	2 m

	

	350 km/h
	350 km/h
	350 km/h
	350 km/h

	

	15kHz SCS: 1340Hz (@2.1GHz)

30kHz SCS:2334Hz
(@3.6GHz)
	15kHz SCS: 1340Hz (@2.1GHz)

30kHz SCS:2334Hz
(@3.6GHz)
	15kHz SCS: 1944Hz (@2.1GHz)

30kHz SCS:3334Hz
(@3.6GHz)
	15kHz SCS: 1944Hz (@2.1GHz)

30kHz SCS:3334Hz
(@3.6GHz)



· UL timing adjustment scenario
Proposal 7: As moving propagation scenarios with UE velocity up to 500 km/h, define the following scenarios. 
Table 4. Proposed parameters for NR UL timing adjustment test.
	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
	Normal
	Normal

	A
	10*15/SCS μs
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.
	10*15/SCS s
,where SCS is Sub Carrier Spacing in kHz.

	
	0.04 s-1
	 0.13 s-1
	 0.18 s-1



· Multipath fading scenario
Proposal 8: Define the PUSCH requirements for multi-path fading scenarios with at least 600Hz and 1200Hz Doppler frequency for 15kHz SCS and 30kHz SCS, respectively.

· Parameters and configurations
Proposal 9: Define HST requirements with 1Tx1Rx for tunnel scenario and 1Tx2Rx for open space scenarios.
Proposal 10: Define both CP-OFDM and DFT-s-OFDM requirements for HST.
Proposal 11: Adopt MCS 2 for HST. If the performance for MCS 16 can be achieved, it should be introduced to ensure the performance of higher modulation.
Proposal 12: Define SCS and Bandwidth configuration for HST requirements.
	CP-OFDM:
			15 kHz SCS: 5/10/20MHz
			30 kHz SCS: 10/20/40/100MHz
	CP-OFDM:
			15 kHz SCS: 5MHz
			30 kHz SCS: 10MHz
Proposal 13: As test metrics for HST, use 30%ile and 70%ile throughput test metrics.
	SNR @30% of maximum throughput 
SNR @70% of maximum throughput
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