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1. Introduction
In RAN4 #92bis, it was agreed to start discussion for some requirements (e.g., DFT-s-OFDM, minimum channel bandwidth) after March 2020. In RAN4 #94, NR BS high speed was discussed and remaining issues were captured in WF [1]. 
In this contribution, we provide our views on PUSCH requirements for HST with 350km/h and 500km/h.
2.	Discussion
2.1	Organisation of requirement section and table for PUSCH HST
For 350km/h HST, it was agreed to create a new section, and corresponding CRs were agreed. On the other hand, for 500km/h HST, the following options on organisation of sections and tables were agreed in [1]:
	RAN4 #94
· Organisation of high-speed train requirement sections for PUSCH in specifications
· 500kph 
· Option 1:
· non-HST section
· No change
·  HST section used for 350kph
· One new table for 500kph
· Option 2:
· non-HST section
· No change
·  HST section used for 350kph
· Merge 500kph with table for 350kph
· Option 3:
· non-HST section
· No change
·  New HST section 500kph
· One new table for 500kph
· Other options not precluded



For organization of requirement sections and tables, the LTE specification can be considered as a starting point. The section structure of LTE HST is as follows:
Rel.16 TS 36.104
8.2.1	Non-HST requirements
8.2.3 HST requirements including Rel.8 HST (300,350km/h) and Rel.16 HST (500km/h)
Merge 500km/h with table for 300,350km/h
In LTE, the PUSCH HST requirements for 300,350 km/h were initially released from Rel.8, and the enhanced HST for 500 km/h was introduced from Rel.16. According to the Rel.16 LTE HST discussion, RAN4 concluded that enhanced HST requirements would be introduced into the same section and tables as Rel.8 LTE HST requirements since the test parameters, configurations and methods are the same between Rel.8 and Rel.16 PUSCH HST, except for HST scenario related parameters (e.g., maximum Doppler shift, velocity, etc.). For NR HST, the same approach as LTE HST should be used, otherwise redundant information will be added to the multiple HST sections. Therefore, we would like to propose to merge tables for 350km/h and 500km/h in the same section. 
Proposal 1: PUSCH HST requirements for 500km/h will be merged with tables for 350km/h in the single HST section (i.e., Option 2).
2.2	Declaration and applicability
Regarding declaration for HST, the following options were agreed in [1]:
	RAN4 #94
· Declaration
· Option 1: Allow BS to declare support for either 350kph, or 500kph, or both, and to test requirements accordingly.
A BS that only declares to support 500kph does not need to test 350kph. A BS that declares to support both 350kph and 500kph needs to test both.
· Option 2: Allow BS to declare support for either 350kph, or 500kph, but not both.
A BS that declares to support 500kph, and passes the tests for 500kph, can also consider the tests for 350kph as passed (i.e., skip 350kph).
· Option 3: Allow BS to declare support for either 350kph, or 500kph, but not both.
A BS that declares to support 500kph needs to test both 500kph and 350kph (i.e., no skipping).
· Other options not precluded.



For BS demodulation, HST feature is optional and BS vendors can declare the supported HST scenarios. Table 1 summarized our views on relationship between declaration and test applicability.
Table 1: Declaration and test applicability for PUSCH HST
	Declaration
	Requirements need to be tested

	
	PUSCH HST for 350km/h
	PUSCH HST for 500km/h

	
	Open space
	Tunnel
	Open space
	Tunnel

	SCS
(D.14)
	Supported HST
(New declaration)
	15kHz SCS
	30kHz SCS
	15kHz SCS
	30kHz SCS
	15kHz SCS
	30kHz SCS
	15kHz SCS
	30kHz SCS

	15kHz
	No
	
	
	
	
	
	
	
	

	
	HST for 350km/h
	x
	
	x
	
	
	
	
	

	
	HST for 500km/h
	x
	
	x
	
	x
	
	x
	

	30kHz
	No
	
	
	
	
	
	
	
	

	
	HST for 350km/h
	
	x
	
	x
	
	
	
	

	
	HST for 500km/h
	
	x
	
	x
	
	x
	
	x

	15kHz and 30kHz
	No
	
	
	
	
	
	
	
	

	
	HST for 350km/h
	x
	x
	x
	x
	
	
	
	

	
	HST for 500km/h
	x
	x
	x
	x
	x
	x
	x
	x



For PUSCH HST, we prefer to allow a BS to declare support for either “HST for 350km/h” or “HST for 500km/h” and introduce a new declaration for PUSC HST. If a BS declares to support only “HST for 350km/h”, only PUSCH HST for 350km/h needs to be tested, while a BS declares to support “HST for 500km/h”, PUSCH HST for both 350km/h and 500km/h need to be tested. Even if a BS passes the test of PUSCH HST for 500km/h, the performance at 350km/h is not guaranteed since maximum Doppler shift condition is different. Therefore, we propose to adopt Option 3 and introduce the following new declaration.
Proposal 2: For NR PUSCH HST declaration, RAN4 adopts option 3.
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H
	BS type 1-O

	D.1xx
	PUSCH for HST
	Declaration of the supported PUSCH requirements for HST: no HST, HST for 350km/h or HST for 500km/h.
	x
	x
	x



2.3	Antenna configuration
Regarding antenna configuration for HST, the following options were agreed in [1]:
	RAN4 #94
· Introduce 1T1R requirements for the tunnel scenario
· Option 1: Introduce 1T1R requirements for the tunnel scenario.
· Option 2: Do not introduce 1T1R requirements for the tunnel scenario.
· Option 3: Introduce 1T1R requirements for the tunnel scenario, and limit tests to not cover OTA.



We would like to clarify the motivation to introduce 1T1R requirements. As mentioned in [x], 1T1R requirement for HST was introduced in LTE specification, and currently 1T1R scenario is one typical scenario, especially tunnel scenarios. When we consider migration scenario from LTE to NR, RF components which have been deployed for LTE can be reused and the same antenna configuration might be used. In addition, we assume to use non-AAS BSs in such scenarios. Therefore, option 1 or 3 are acceptable for us.
Proposal 3: Introduce conducted HST tests for 1T1R (Adopt option 1 or 3).

Regarding configurations for 1T1R requirements, the following options were agreed in [1]: 
	RAN4 #94
· If 1T1R requirement is introduced: 1T1R requirement configuration
· Option 1: Re-use the 1T2R requirement configuration.
· FFS for next meeting.
· If 1T1R requirement is introduced with OTA testing: 1T1R requirement configuration
· Option 1: Same test setup for 1T1R as typically specified in TS 38.141-2, with a test procedure that includes polarization alignment.
· FFS for next meeting.



For 1T1R requirements, we could reuse the parameters for 1T2R requirements to reduce workload. Hence, we propose to reuse all other parameters from 1T2R.
Proposal 4: For 1T1R requirement, reuse 1T2R test configurations and test methods.
2.4	Channel bandwidth
In RAN4 #92bis, it was agreed to start the work for defining requirements with minimum channel bandwidth as below [2]: 
	RAN4 #92bis
· CBW for CP-OFDM
· Focus on 10MHz CBW/15KHz SCS, 40MHz CBW/30KHz SCS
· Start to work on 5MHz CBW/15KHz SCS, 10Mhz CBW/30KHz SCS after March, 2020
· Similar applicability rule of channel bandwidths as existing PUSCH performance requirements will be used for HST



Based on the above agreement, we propose to add minimum channel bandwidth to simulation assumption and summary. Otherwise, a BS that does not support equal to or more than 10MHz CBW for 15 kHz SCS or equal to or more than 40MHz CBW for 30 kHz cannot support NR HST. 
Proposal 5: Add simulation assumptions for 5MHz CBW/15KHz SCS and 10Mhz CBW/30KHz SCS to simulation summary and start simulation work.

2.5	Waveform
In RAN4 #92bis, it was agreed to start on study of HST for DFT-s-OFDM after March as below [2]: 
	RAN4 #92bis
· Waveform
· Focus on CP-OFDM waveform.
· Start on study of PUSCH requirements with DFT-s-OFDM waveform after March, 2020



In Rel.15, PUSCH requirements for both CP-OFDM and DFT-s-OFDM under multipath fading conditions were introduced to ensure the performance of each waveforms. It is reasonable to consider waveform, which are introduced for normal demodulation requirements, for HST requirements. In general, DFT-s-OFDM has an advantage on cell coverage compared to CP-OFDM. When we consider migration scenario from LTE to NR, the same cell coverage as LTE is required for NR, then DFT-s-OFDM might be considered to cover the same cell coverage. Therefore, DFT-s-OFDM is also typical configuration for NR HST and should be introduced to guarantee the performance under high speed condition. For channel bandwidth and applicability rule, the same principle as PUSCH requirements for multipath fading channel can be used.
Proposal 6: Introduce PUSCH HST requirements for DFT-s-OFDM.
Proposal 7: Introduce the minimum channel bandwidth for HST PUSCH with DFT-s-OFDM. (i.e., 5MHz for 15 kHz SCS, 10MHz for 30 kHz SCS)
Proposal 8: Similar applicability rule for waveforms as existing PUSCH performance requirements will be used for HST

2.6	Multipath fading scenario
In UE demodulation discussion, it was agreed to introduce enhanced requirements under multipath fading condition. The assumptions for multipath fading scenarios agreed in UE demodulation are as follows [3]: 
	RAN4 #93 (UE demodulation)
· Maximum Doppler frequency
· FDD 15KHz SCS: 600 Hz
· TDD 30 KHz SCS: 1200 Hz
· DMRS configuration
·  DMRS 1+1+1
· Channel model:
· TDL-C 300ns



In current single tap HST scenario, no fading channel condition is assumed. However, in the real channel condition under high speed scenarios, also fading channel condition can be occurred. In addition, from a channel perspective, channel conditions of UL is the same as DL, so the same maximum Doppler frequency as agreed in UE demodulation can be used for BS demodulation.  Therefore, we propose to introduce PUSCH for multipath fading scenarios with maximum Doppler frequency 600Hz for 15kHz SCS and 1200Hz for 30kHz SCS.
Proposal 9: 	Introduce PUSCH for multipath fading scenarios with the following parameters:
				Maximum Doppler frequency: 600Hz for 15 kHz SCS, 1200Hz for 30 kHz SCS
3.	Conclusion
In this contribution, we provide out views on PUSCH HST requirements. The following proposals are obtained.

Organisation of requirement section and table for PUSCH HST 
Proposal 1:	PUSCH HST requirements for 500km/h will be merged with tables for 350km/h in the single HST section (i.e., Option 2).


Declaration and applicability
Proposal 2:	For NR PUSCH HST declaration, RAN4 adopts option 3.
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H
	BS type 1-O

	D.1xx
	PUSCH for HST
	Declaration of the supported PUSCH requirements for HST: no HST, HST for 350km/h or HST for 500km/h.
	x
	x
	x



Antenna configuration
Proposal 3: 	Introduce conducted HST tests for 1T1R (Adopt option 1 or 3).

Channel bandwidth
Proposal 5: 	Add simulation assumptions for 5MHz CBW/15KHz SCS and 10Mhz CBW/30KHz SCS to simulation summary and start simulation work.

[bookmark: _GoBack]
Waveform
Proposal 6: 	Introduce PUSCH HST requirements for DFT-s-OFDM.
Proposal 7: 	Introduce the minimum channel bandwidth for HST PUSCH with DFT-s-OFDM. (i.e., 5MHz for 15 kHz SCS, 10MHz for 30 kHz SCS)
Proposal 8: 	Similar applicability rule for waveforms as existing PUSCH performance requirements will be used for HST
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