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1. Introduction
In RAN4 #94bis-e, NR BS PUSCH for HST was discussed and remaining issues were captured in WF [1]. 
In this contribution, we provide our views on remaining issues on PUSCH requirements for HST with 350km/h and 500km/h.
2.	Discussion
2.1	Declaration and applicability
Regarding declaration for PUSCH HST, the following options were agreed in [1]:
	RAN4 #94bis-e [1]
· High speed support declaration for HST PUSCH
· Option 1: 
· Declare category of supported maximum speed. This can be either 350 or 500kph (or no HST support).
· Which tests need to be passed, if 500kph is declared, is discussed separately under “High speed implicit test passing”
· Option 2:
· Declare category of supported design target speed(s). This can be 350 or 500 or 350&500kph (or no HST support). 
· Only the corresponding requirements are tested (only 350&500kph tests both).



For BS, HST feature is optional and BS vendors can declare the supported velocity. Table 1 summarized our views on declaration and test applicability for PUSCH HST.
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
	
	
	
	
	
	
	
	

	
	HST for 350km/h
	x
	
	x
	
	
	
	
	

	
	HST for 500km/h
	
	
	
	
	x
	
	x
	

	
	HST for both 350km/h and 500km/h
	x
	
	x
	
	x
	
	x
	

	30kHz
	No HST
	
	
	
	
	
	
	
	

	
	HST for 350km/h
	
	x
	
	x
	
	
	
	

	
	HST for 500km/h
	
	
	
	
	
	x
	
	x

	
	HST for both 350km/h and 500km/h
	
	x
	
	x
	
	x
	
	x

	15kHz and 30kHz
	No HST
	
	
	
	
	
	
	
	

	
	HST for 350km/h
	x
	x
	x
	x
	
	
	
	

	
	HST for 500km/h
	
	
	
	
	x
	x
	x
	x

	
	HST for both 350km/h and 500km/h
	x
	x
	x
	x
	x
	x
	x
	x



We prefer to allow BS to declare support for either “no HST”, “HST for 350km/h”, “HST for 500km/h” or “HST for both 350km/h and 500km/h”, and only the corresponding requirements should be tested. 
For example, if a BS declares to support HST with different algorithms optimized for different target velocity, BS vendor may declare "HST for both 350 km/h and 500km/h” and not skip the test for 350km/h HST. While If a BS declares to support HST with the same algorithms for different target velocity, BS vendor may declare "HST for 500km/h” and skip the test for 350km/h HST. In our understanding, Option 2 allow to declare the supported target velocity more flexibly than Option1, and implicit test pass can be applied if BS vender declares “HST for 500km/h”. 
Therefore, we would like to propose to adopt option 2 and introduce the following new declaration.
Proposal 1: Allow to declare category of supported design target speed(s) from “no HST”, “HST for 350km/h”, “HST for 500km/h” or “HST for both 350km/h and 500km/h” and introduce the following declaration:
	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 HST scenarios: no HST, HST for 350km/h, HST for 500km/h or HST for both 350km/h and 500km/h.
	x
	x
	x



2.2	Requirement for 1T1R
Regarding 1T1R requirement for HST, the following options were agreed in [1]:
	RAN4 #94bis-e [1]
· Introduce 1T1R requirements for the tunnel scenario
· RAN4 will introduce 1T1R for the tunnel scenario requirements only for conducted requirements, FFS for the test applicability rule
· If 1T1R requirement is introduced: MCS configuration
· Option 1: If 1T1R requirement is introduced, only have MCS 2 requirements.
· Option 2: If 1T1R requirement is introduced, have MCS 2 and MCS16 requirements.



Based on the discussion in RAN4 #94bis-e, we listed candidate options proposed by different companies below:
Option 1: Define test applicability rule in the section 8.1.2.0 of TS 38.141-1 as below: 
“Unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration”.
Option 2: Define test applicability rule in the section 8.1.2.0 of TS 38.141-1 as below: 
“In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest number or two supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.”
Option 1 intended to completely remove the test for lowest number of supported connectors and change the principle from Rel-15. While, Option 2 is to test either 1T1R or 1T2R as the lowest number of supported connectors and the principle seems to be kept from Rel-15. In our understanding, Option 1 seems to have a risk of missing the performance degradation when operating a BS with the lowest number of connectors (e.g., 1 or 2). In order to avoid such risks, we should adopt Option 2.
Proposal 2: Define test applicability rule in the section 8.1.2.0 of TS 38.141-1 as below: 
“In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest number or two supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.”
If we take the applicability rule to test either 1T1R or 1T2R for tunnel scenario, we should have the same test coverage between 1T1R and 1T2R. Therefore, we would like to propose to adopt Option 2. 
Proposal 3: Define MCS 2 and MCS16 requirements for 1T1R.
2.3	Requirement for DFT-s-OFDM
In the last meeting, the following options related to DFT-s-OFDM were agreed [1]:
	RAN4 #94bis-e [1]
· Dft-s-OFDM waveform
· Option 1: Introduce PUSCH HST requirements for DFT-s-OFDM.
· Option 2: Do not introduce PUSCH HST requirements for DFT-s-OFDM
· Option 3: Define DFT-s-OFDM only for 350km/h scenario, 1T2R and minimum channel bandwidth
· Organisation of high-speed train requirement sections for PUSCH DFT-s-OFDM in specifications
· Option 1: In HST PUSCH section currently used for 350kph (e.g., 38.104 section 8.2.4)
· New test parameter table and minimum requirements tables(s) for “transform precoding = on”.
· Option 2: TBD after DFT-s-OFDM agreement.
· If Dft-s-OFDM is introduced: Applicability rule
· Option 1: Similar applicability rule for waveforms as existing PUSCH performance requirements will be used for HST
· Option 2: TBD after DFT-s-OFDM decision.
· If Dft-s-OFDM is introduced: Configuration
· Option 1 Configuration as follows.
· 500kph only, MCS2, RB allocation:  24 RB for 5MHz CBW/15KHz SCS, TDRA: type A, DMRS position: 1+1+1, L0: 3.
· Option 2: Minimum channel bandwidth (i.e., 5MHz for 15 kHz SCS, 10MHz for 30 kHz SCS)
· Option 3: Define HST requirements with DFT-s-OFDM for both 350 km/h and 500 km/h.
· Option 4: TBD after Dft-s-OFDM decision.



Currently, LTE HST cells are widely deployed along rail tracks of high speed trains and the cell coverage is optimized based on DFT-s-OFDM which is UL waveform for LTE. On the other hand, NR HST cells are expected to be deployed to cover similar cell coverage as LTE by using refarming bands which are NR bands with the same frequency range as LTE bands. For NR HST deployment, DFT-s-OFDM is beneficial to extend cell coverage and useful to ensure cell coverage as LTE. Therefore, we would like to propose to define PUSCH HST requirements for DFT-s-OFDM to verify the performance.
Proposal 4: Introduce PUSCH HST requirements for DFT-s-OFDM.
Originally, we proposed to define DFT-s-OFDM for both 350km/h and 500km/h scenarios. However, taking into account of increasing number of tests, we would like to propose to define limited test cases to ensure the performance for DFT-s-OFDM under HST condition and introduce the applicability rule as a compromise. 
Proposal 5: The following configuration and applicability rule for DFT-s-OFDM are considered.
	Antenna configuration: Only 1T2R
	MCS: Only MCS2
	CBW and SCS: Only 5MHz CBW/15kHz SCS and 10MHz CBW/ 30kHz SCS
	Velocity: Only 350km/h
Applicability rule: If BS that declare to support HST for DFT-s-OFDM, BS vendor can chose either DFT-s-OFDM or CP-OFDM for the test with 1T2R, MCS2, 5MHz CBW/15kHz SCS or 10MHz CBW/30kHz SCS and 350km/h HST scenarios. (The number of tests is kept)
2.4	Requirement for Multi-path fading scenario
In the last meeting, the following options related to multi-path fading conditions were agreed [1]:
	RAN4 #94bis-e [1]
· Is multi-path fading channel under high Doppler value a common scenario?
· Option 1: Multi-path fading channel is very rare in HST scenarios (open area or tunnel).
· Option 2: Fading channel is also typical condition in the real propagation under high speed.
· Multi-path fading channel under high Doppler value
· Option 1: Do not specify requirements for multi-path fading channel models with high Doppler values.
· Option 2: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 1200Hz and 2400Hz for 15kHz SCS and 30kHz SCS, respectively.
· Option 3: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
· Organisation of high-speed train requirement sections for PUSCH fading channel under high Doppler in specifications
· Option 1: Introduce in non-HST PUSCH section.
· Option 2: Introduce in HST PUSCH section.
· Option 3: TBD after PUSCH fading channel under high Doppler agreement.



Firstly, we would like to share the agreement made in NR HST UE demodulation. In UE demodulation, it was already agreed to introduce enhanced requirements under multipath fading condition as the follows [2]: 
	RAN4 #93 (UE demodulation)[2]
· 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


 
Observation 1: In NR UE HST, it was agreed to introduce PDSCH performance requirements for multi-path fading condition with 600Hz and 1200Hz Doppler frequency for 15kHz and 30kHz SCS, respectively.
Secondly, we would like to share the background of LTE HST. TR36.878 summarizes the study on performance enhancements for high speed scenario in LTE. According to this TR, it was concluded that PDSCH/PUSCH performance requirements under the ETU600 were feasible and specified as one of the high speed scenarios. Note that the Doppler frequency value of 600 Hz was calculated based on the assumption of a carrier frequency of 2.7GHz and UE velocity of 240km/h.
	TR36.878 
Conclusions
For UE demodulation requirements, the simulation results showed that it is feasible to specify the new PDSCH demodulation requirements under the ETU600 to verify UE performance.
For BS Demodulation requirements enhancements, it is agreed to specify the new PUSCH requirements under ETU600.



Observation 2: In LTE HST, it was agreed to introduce multi-path fading channel as one of the high speed scenarios and to define ETU600 for PDSCH/PUSCH.
From Observation 1 and 2, it can be concluded that multi-path fading condition is one of the common scenarios for HST and the requirements for TDL channel need to be defined to verify the performance under multi-path fading condition.
Therefore, we propose to introduce PUSCH for multipath fading scenarios with Doppler frequency of 600Hz for 15kHz SCS and 1200Hz for 30kHz SCS.
Proposal 6: Multi-path fading is a typical HST scenario.	
Proposal 7: Introduce PUSCH for multipath fading scenarios with Doppler frequency 600Hz for 15 kHz SCS and 1200Hz for 30 kHz SCS
In LTE, PUSCH for ETU600 was introduced to the section of PUSCH for multi-path fading condition (Not HST section). The same approach can be used for NR. 
Proposal 8:  Introduce new PUSCH requirements for multi-path fading conditions in non-HST PUSCH section.
3.	Conclusion
In this contribution, we provide out views on PUSCH HST requirements. The following proposals are obtained.
Declaration and applicability rule
Proposal 1: Allow to declare category of supported design target speed(s) from “no HST”, “HST for 350km/h”, “HST for 500km/h” or “HST for both 350km/h and 500km/h” and introduce the following declaration:
	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 HST scenarios: no HST, HST for 350km/h, HST for 500km/h or HST for both 350km/h and 500km/h.
	x
	x
	x



1T1R requirements
Proposal 2: Define test applicability rule in the section 8.1.2.0 of TS 38.141-1 as below: 
“In high speed train requirements, unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest number or two supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.”
Proposal 3: Define MCS 2 and MCS16 requirements for 1T1R.

DFT-s-OFDM
Proposal 4: Introduce PUSCH HST requirements for DFT-s-OFDM.
Proposal 5: The following configuration and applicability rule for DFT-s-OFDM are considered.
	Antenna configuration: Only 1T2R
	MCS: Only MCS2
	CBW and SCS: Only 5MHz CBW/15kHz SCS and 10MHz CBW/ 30kHz SCS
	Velocity: Only 350km/h
Applicability rule: If BS that declare to support HST for DFT-s-OFDM, BS vendor can chose either DFT-s-OFDM or CP-OFDM for the test with 1T2R, MCS2, 5MHz CBW/15kHz SCS or 10MHz CBW/30kHz SCS and 350km/h HST scenarios. (The number of tests is kept)

Multi-path fading scenario
Observation 1: In NR UE HST, it was agreed to introduce PDSCH performance requirements for multi-path fading condition with 600Hz and 1200Hz Doppler frequency for 15kHz and 30kHz SCS, respectively.
Observation 2: In LTE HST, it was agreed to introduce multi-path fading channel as one of the high speed scenarios and to define ETU600 for PDSCH/PUSCH.
Proposal 6: Multi-path fading is a typical HST scenario.	
Proposal 7: Introduce PUSCH for multipath fading scenarios with Doppler frequency 600Hz for 15 kHz SCS and 1200Hz for 30 kHz SCS
Proposal 8:  Introduce new PUSCH requirements for multi-path fading conditions in non-HST PUSCH section.
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