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Background
During RAN4#95-e meeting, way forward [1] for NR Rel-16 HST PUSCH demodulation was approved. In this contribution, we share our views about the PUSCH demodulation requirements for NR Rel-16 HST.
Discussion
Requirements for DFT-s-OFDM
	· 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.



Support of DFT-s-OFDM was already covered in Rel-15 normal performance requirements. Some companies has concern that whether the performance of DFT-s-OFDM can be ensured under the HST scenario. Our evaluation results between CP-OFDM and DFT-s-OFDM are shown below.
Table 2.1-1 Ideal simulations for PUSCH under CP-OFDM and DFT-s-OFDM
	Case Number
	Antenna configuration
	CHBW/SCS
	maximum Doppler shift(Hz)
	Propagation condition
	waveform
	MCS
	SNR@70% Max TP

	1
	1x2
	5MHz/15kHz
	1340
	Open space
	CP-OFDM
	2
	-6.58

	2
	1x2
	5MHz/15kHz
	1340
	Tunnel
	CP-OFDM
	2
	-6.38

	3
	1x2
	5MHz/15kHz
	1340
	Open space
	DFT-s-OFDM
	2
	-6.87

	4
	1x2
	5MHz/15kHz
	1340
	Tunnel
	DFT-s-OFDM
	2
	-6.88

	5
	1x2
	10MHz/30kHz
	2334
	Open space
	CP-OFDM
	2
	-6.82

	6
	1x2
	10MHz/30kHz
	2334
	Tunnel
	CP-OFDM
	2
	-6.83

	7
	1x2
	10MHz/30kHz
	2334
	Open space
	DFT-s-OFDM
	2
	-6.90

	8
	1x2
	10MHz/30kHz
	2334
	Tunnel
	DFT-s-OFDM
	2
	-6.74
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Figure 2.1-1 Ideal simulations for PUSCH under CP-OFDM and DFT-s-OFDM
Observation 1: There is negligible performance difference (<0.5dB) between DFT-s-OFDM and CP-OFDM.
So if a BS has passed DFT-s-OFDM cases under normal condition and CP-OFDM cases under HST, also considering the above observation, for our understanding, the performance of DFT-s-OFDM can be ensured under the HST scenario.
Proposal 1: Do not introduce PUSCH HST requirements for DFT-s-OFDM.
MCS for 1T1R requirements
	· 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.



In LTE, only QPSK with coding rate 1/3 is used for HST requirements definition. For NR 1T1R application scenario reusing LTE components, it is proper to use same modulation order and coding rate as LTE. Also from UE’s perspective, for 1T1R in tunnel, high modulation order with high coding rate will consume a large amount of battery power, it is not good for power saving. Therefore, we think only MCS 2 is enough for 1T1R in tunnel.
Proposal 2: For PUSCH 1T1R requirements for the tunnel scenario, only MCS 2 should be defined.
Requirements for multi-path fading channel under high Doppler
	· 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.



Although we don’t think that it is necessary to introduce multi-path fading channel under high Doppler for NR HST PUSCH requirements, to move forward, we can compromise to define limited cases that the same configuration as UE side, i.e. only MCS 13, 2T2R/2T4R, rank 1 and the maximum Doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
Proposal 3: For PUSCH requirements for HST multi-path fading channel under high Doppler, define limited cases that the same configuration as UE side, i.e. only MCS 13, 2T2R, rank 1 and the maximum Doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
Proposals
In this contribution, we discuss on NR HST PUSCH performance requirements under single-tap. Our observations and proposals are:
Observation 1: There is negligible performance difference (<0.5dB) between DFT-s-OFDM and CP-OFDM.
Proposal 1: Do not introduce PUSCH HST requirements for DFT-s-OFDM.
Proposal 2: For PUSCH 1T1R requirements for the tunnel scenario, only MCS 2 should be defined.
Proposal 3: For PUSCH requirements for HST multi-path fading channel under high Doppler, define limited cases that the same configuration as UE side, i.e. only MCS 13, 2T2R, rank 1 and the maximum Doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
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