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1. Introduction
In RAN4 #95-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 350km/h and 500km/h HST.
2.	Discussion
2.1	Requirement for 1T1R
In RAN4 #95, the applicability rule for 1T1R was agreed, but the MCS was not agreed and candidate options were listed as below:
	RAN4 #95-e [1]
· PUSCH 1T1R applicability rule
· Applicability rule:
· 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), if the BS supports 1RX, the tests with low MIMO correlation level shall apply only for either one connector or the second lowest number of supported connectors, in addition to the highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration. 
· If the BS doesn’t support 1RX, 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.
· Remark on the applicability rule: 
· The highest number of connectors can simultaneously be second lowest number.
· 1T1R requirements for the tunnel scenario - MCS configuration
· Option 1: Only have MCS 2 requirements.
· Option 2: Have MCS 2 and MCS16 requirements.
· Option 3: Define HST Tunnel with only MCS 2 and HST multi-path fading with MCS 16.



Based on the applicability rule in Rel-15, BS demodulation tests apply only for the lowest and highest number of supported connectors. On the other hand, the applicability rule agreed for Rel-16 NR HST at the last meeting allows to test only for either one connector or the second lowest number of supported connectors in addition of the highest number of supported connectors. This means that BS vendors can choose 1Rx or 2Rx to be tested. For 2Rx requirements, MCS 2 and 16 were agreed and defined in the latest specification. Taking into account of the test coverage alignment between 1Rx and 2Rx, and the agreed applicability rule, it is reasonable to define both MCS 2 and 16 for 1Rx. In addition, it looks no feasibility issues on MCS 16 with 1Rx from the simulation result summary [3]. Therefore, we propose to define both MCS 2 and MCS 16 for the HST requirements with 1Rx.
Proposal 1: For 1Rx requirements, define both MCS 2 and 16 (Option 2).

2.2	Requirement for Multi-path fading scenario
In RAN4 #95, it was discussed whether to introduce PUSCH requirements for multi-path fading scenario with higher Doppler frequency but no consensus was reached and the following open issues are remained:
	RAN4 #95-e [1]
· Is multi-path fading channel under high Doppler value a common scenario?
· Option 1: Multi-path fading is a typical HST scenario. 
· Option 2: Multi-path fading is not a typical HST scenario
· Proposed WF: Do not further pursue consensus on this issue.
· Specification of multi-path fading channel under high Doppler
· 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 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
· Option 4: Define HST Tunnel with MCS 2 and HST multi-path fading with MCS 16.
· Option 5: Define HST multi-path fading with MCS 16 for open space scenario only.
· Where to specify multi-path fading channel under high Doppler.
· Discuss after specification of multi-path fading channel under high Doppler is agreed.
· Waveform, if multi-path fading channel under high Doppler is specified.
· Discuss after specification of multi-path fading channel under high Doppler is agreed.



We support to introduce the PUSCH requirements for multi-path fading channel with 600Hz/1200Hz Doppler frequency from the following reasons.
Firstly, the multi-path fading channel has been considered in LTE HST discussion so far. The partial excerpt of the conclusions in Rel-14 LTE HST WI is shown below:  
	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.



According to the TR 36.878, the feasibility to specify both PDSCH and PUSCH requirements under ETU600 was confirmed and ETU600 was defined in both UE and BS specifications. It is noted that ETU600 is multi-path fading channel model with 600Hz Doppler frequency. Hence, it is reasonable to consider that RAN4 concluded multi-path fading channels are common scenarios in LTE high speed conditions, and it is similar discussion as the current NR HST discussion since channel design of NR PUSCH is similar to LTE PUSCH (e.g., OFDM, 15kHz SCS etc.).  
Observation 1: In LTE HST WI, ETU600 was introduced for PDSCH/PUSCH performance requirements.
Secondly, it has been already agreed to introduce the PDSCH requirements for the multi-path fading channel with higher Doppler frequency in UE demodulation discussion as below: 
	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


 
In general, the channel condition is the same between DL and UL, and the same channel models have been defined between UE and BS performance requirements so far. For this requirement, the same principle can be considered and the same channel model need to be defined to ensure the performance in both DL and UL. 
Observation 2: TDL-C300-600 for 15 kHz SCS and TDL-C300-1200 for 30 kHz were already agreed in UE demodulation discussion.
From above observations, it can be concluded that multi-path fading scenario is common scenario for high speed trains. Therefore, we propose to introduce the PUSCH requirements with TDL-C300-600 for 15kHz SCS and TDL-C300-1200 for 30kHz SCS.
Proposal 2: RAN4 concludes multi-path fading is a typical HST scenario (Option 1).	
Proposal 3: Introduce the PUSCH requirements with TDL-C300-600 for 15 kHz SCS and TDL-C300-1200 for 30 kHz SCS (Option 2).
2.3	Requirement for DFT-s-OFDM
In RAN4 #95-e, it was discussed whether to introduce the requirements for DFT-s-OFDM but no consensus was reached. The following options were agreed in the WF:
	RAN4 #95-e [1]
· Include requirements for DFT-s-OFDM waveform
· Option 1b: Introduce PUSCH HST requirements for DFT-s-OFDM, with the following limited parameters as proposed in issue 1-3-3 and applicability rule to test either DFT-s-OFDM or CP-OFDM for MCS2.
· 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 choose 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).
· Option 2: Do not introduce PUSCH HST requirements for DFT-s-OFDM.
· Option 3: If the availability of DFT under HST could be confirmed by testing DFT under normal condition and CP-OFDM under HST, do not introduce PUSCH HST requirements for DFT-s-OFDM.
· Proposed WF: Clarify how compromise option 3 can be achieved.
· If DFT-s-OFDM waveform is introduced, target speed.
· Discuss after inclusion of requirements for DFT-s-OFDM waveform is agreed.



From operator's point of view, large cell coverage may be needed to cover both normal speed and high speed UEs simultaneously. In such cases, DFT-s-OFDM is beneficial to improve the cell-edge user performance because it has a low PAPR. Especially in the LTE to NR migration scenario, DFT-s-OFDM is an important configuration for achieving cell coverage similar to LTE. Hence, we would like to propose to define the requirements for DFT-s-OFDM. 
However, some companies still have concerns to increase the number of tests. Therefore, we propose to introduce only one test case for each SCS.
Proposal 4: For DFT-s-OFDM, introduce one PUSCH HST requirement for each SCS (Option 1b).
3.	Conclusion
In this contribution, we provide out views on PUSCH HST requirements. The following proposals are obtained.
1T1R requirements
Proposal 1: For 1Rx requirements, define both MCS 2 and 16 (Option 2).

Multi-path fading scenario
Observation 1: In LTE HST WI, ETU600 was introduced for PDSCH/PUSCH performance requirements.
Observation 2: TDL-C300-600 for 15 kHz SCS and TDL-C300-1200 for 30 kHz were already agreed in UE demodulation discussion.
Proposal 2: RAN4 concludes multi-path fading is a typical HST scenario (Option 1).	
Proposal 3: Introduce the PUSCH requirements with TDL-C300-600 for 15 kHz SCS and TDL-C300-1200 for 30 kHz SCS (Option 2).

DFT-s-OFDM
Proposal 4: For DFT-s-OFDM, introduce one PUSCH HST requirement for each SCS (Option 1b).
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