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1. Introduction
In RAN4 #92bis, WF on NR BS high speed was approved [1]. In this contribution, we provide views on PUSCH requirements and parameters for HST.
2.	Discussion
Based on agreed WF [1], remaining issues are discussed in this section.
· Maximum Doppler shift
Regarding maximum Doppler shift and SCS, the following options were agreed in WF [1].

· 	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: 1750Hz
· 30kHz SCS:  
· Option 1: 3334Hz
· Option 2: 3000Hz
· SCS
· 15kHz
· 350km/h: 2.1GHz
· 500km/h: 1.9GHz or 2.1GHz
· 30kHz for 3.6GHz

Regarding maximum Doppler shift, it can be calculated by speed and frequency. Table 1 shows frequency assumptions based on agreed options for maximum Doppler shift. In order to ensure the performance at Band n1 for 15 kHz SCS and Band n77 for 30 kHz SCS, 1944 Hz for 15 kHz SCS and 3334 Hz for 30 kHz SCS should be assumed. 
If no performance feasibility on these Doppler shit values is confirmed, lower Doppler shift value might be considered. Even if adopt lower maximum Doppler shift, velocity assumption shall be kept to consider maximum speed of future high-speed trains (e.g., Liner motor train in Japan, the maximum speed reaches 500 km/h).
Proposal 1: For 500 km/h velocity, adopt 1944 Hz and 3334 Hz for 15 kHz and 30 kHz SCS, respectively.
Table 1: Maximum Doppler shift based on 500km/h UE velocity
	UE velocity 
	SCS
	Frequency
	Maximum Doppler shift

	500km/h
	15kHz
	2.1 GHz (Band n1)
	1944 Hz

	
	
	1.9 GHz
	1750 Hz

	
	30kHz
	3.6 GHz (Band n77)
	3334 Hz

	
	
	3.2 GHz
	3000 Hz



· Antenna configuration
Regarding antenna configuration, the following options were captured in WF [1].
· Antenna configuration
· For tunnel
· Option 1: 1x1
· Option 2: 1x2 (baseline for simulation alignment)
· For open space
· Option 1: 1x2 (baseline for simulation alignment)
· Option 2: 1x8
For a tunnel scenario, it is appropriate to use an antenna configuration of 1x1 for three reasons:
Firstly, it is suitable for alignment with LTE HST configurations. As shown below, in TS 36.104, antenna configurations 1x1 and 1x2 are specified for tunnel and open space, respectively. In general, the tunnel deployment is completely different from other open space deployments, since the space for radio equipment, RF cables, antennas, etc. is very limited. Currently, antenna configuration 1x1 is mainly used for tunnel deployment in LTE era. In also NR era, the existing RF cables, antennas, etc. already deployed inside of the tunnel will be reused. Therefore, it is useful to have test cases with 1x1 antenna configuration for a tunnel scenario.
Secondly, it is a common configuration for actual LTE deployments. As mentioned above, the tunnel deployment currently uses a 1x1 antenna configuration due to deployment limitations. Basically, the test parameters should align with the actual operation as much as possible. Since NR is also expected to use a 1x1 antenna configuration, it should be specified in the NR HST requirement. Otherwise, the performance for the actual deployed configuration cannot be ensured.
Finally, by introducing 1x1 antenna configuration for a tunnel scenario, different configurations can be tested in each scenario. Considering the limited test cases, it is reasonable to adopt different antenna configurations for each scenario.
For the above reasons, it is reasonable to adopt 1x1 in the tunnel to reflect the actual expected deployment and can be aligned with the LTE configuration.
Proposal 2: Adopt antenna configuration 1x1 for tunnel scenario. 
If we need to keep 1x2 for tunnel, both 1x1 and 1x2 shall be specified in the spec and applicability rule can be discussed.
[bookmark: _GoBack]Proposal 3: If need to adopt 1x2 for tunnel as well, specify both 1x1 and 1x2 for tunnel and introduce applicability rule that either one is tested according to the capability.
In the open space scenario, two options were agreed. If only 1x8 is used for open space, BSs without 8Rx capability or OTA BS that is tested by 2Rx will skip a open space HST test. Considering OTA BS, it is reasonable to adopt 1x2 for open space. If multiple antenna configurations can be specified, other configurations 1x4 and 1x8 can be considered, then applicability might be discussed.
Proposal 3: Adopt antenna configuration 1x2 for open space scenario. 
TS36.104
Table 8.2.3.1-1 Minimum requirements of PUSCH for high speed train
	Channel Bandwidth [MHz]
	Cyclic prefix
	FRC
(Annex A)
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex B)
	Fraction of maximum throughput
	SNR
[dB]

	1.4
	Normal
	A3-2
	1
	1
	HST Scenario 3
	30%
	-1.5

	
	
	
	
	
	
	70%
	1.9

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-3.9

	
	
	
	
	
	
	70%
	-0.6

	3
	Normal
	A3-3
	
	1
	HST Scenario 3
	30%
	-2.1

	
	
	
	
	
	
	70%
	1.6

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-4.5

	
	
	
	
	
	
	70%
	-1.0

	5
	Normal
	A3-4
	
	1
	HST Scenario 3
	30%
	-2.6

	
	
	
	
	
	
	70%
	1.3

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.1

	
	
	
	
	
	
	70%
	-1.4

	10
	Normal
	A3-5
	
	1
	HST Scenario 3
	30%
	-2.7

	
	
	
	
	
	
	70%
	1.2

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.4

	
	
	
	
	
	
	70%
	-1.5

	15
	Normal
	A3-6
	
	1
	HST Scenario 3
	30%
	-2.7

	
	
	
	
	
	
	70%
	1.2

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.2

	
	
	
	
	
	
	70%
	-1.4

	20
	Normal
	A3-7
	
	1
	HST Scenario 3
	30%
	-2.7

	
	
	
	
	
	
	70%
	1.2

	
	
	
	
	2
	HST Scenario 1 Low
	30%
	-5.3

	
	
	
	
	
	
	70%
	-1.4



· MCS index
Regarding MCS, the following options were captured in WF [1].
· MCS
· Option 1: MCS#2
· Option 2: MCS#16
· Option 3: MCS#2 and MCS#16
MCS#2 and MCS#16 for simulation alignment
In LTE, only requirements for QPSK modulation for HST were introduced. Basically, same approach can be used for NR. Therefore, adopt MCS 2 as a base line. If MCS 16 is also feasible, different MCS might be considered in different scenarios.
Proposal 4: Adopt MCS 2 for HST. If the performance for MCS 16 is feasible, it should be introduced to ensure the performance of higher modulation.

3.	Conclusion
In this contribution, we provide configurations and parameters for PUSCH HST. The following proposals are obtained.
· Maximum Doppler shift
Proposal 1: For 500 km/h velocity, adopt 1944 Hz and 3334 Hz for 15 kHz and 30 kHz SCS, respectively.
· Antenna configuration
Proposal 2: Adopt antenna configuration 1x1 for tunnel scenario. 
Proposal 3: If need to adopt 1x2 for tunnel as well, specify both 1x1 and 1x2 for tunnel and introduce applicability rule that either one is tested according to the capability.
· MCS
Proposal 4: Adopt MCS 2 for HST. If the performance for MCS 16 is feasible, it should be introduced to ensure the performance of higher modulation.
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