	
[bookmark: Title][bookmark: DocumentFor][bookmark: OLE_LINK144][bookmark: OLE_LINK145]3GPP TSG-RAN WG4 Meeting # 96-e 															R4-2009835
[bookmark: _GoBack]Electronic Meeting, 17-28 Aug., 2020

Source: 	CATT
Title: 	Discussion on remaining issues of NR HST PUSCH
Agenda item:	7.15.3.2.1
Document for:	Discussion

1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In RAN4#95-e meeting, a WF on NR HST BS demodulation requirements was approved. The remaining issues of PUSCH, including 1T1R, multi-path fading channel and DFT-s-OFDM, are still not decided. This contribution will provide our views on these remaining issues of NR HST PUSCH. 
2. Discussion
As per the WF [1], the tentative progress on 1T1R, multi-path fading channel and DFT-s-OFDM in the last meeting is shown as follows:
	PUSCH - 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.

PUSCH - Multi-path fading channel under high Doppler
· 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
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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.

PUSCH - DFT-s-OFDM waveform
· 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.



In LTE HST, only MCS 2 requirements are specified for 1T1R. For NR HST, only MSC 2 requirements are also preferred. Considering the worse channel quality in the tunnel scenario, a lower modulation order and coding rate MCS 2 is a better choice. A higher MSC 16 probably leads to the degradation of demodulation performance when the channel state is not good. Based on the simulation results, the SNR value for 1T1R MCS 16 for different cases are all above 11, which is not a good situation for demodulation performance.
Proposal 1: Only have MCS2 for 1T1R requirements. (Option 1)
The first issue to be clarified is that whether multi-path fading channel is rare or typical scenario. For the open space, the multi-fading channel is rare due to few reflected signals in HST scenarios. For the tunnel scenario, the reflected signals seem to be unavoidable. In general, the tunnel is relatively narrow compared to other scenarios. The reflected signals from different paths are considered with low time delay and thus have a negligible effect on the performance. So the multi-path fading channel seems to be rare in both the open space and the tunnel scenario. Considering that multi-path fading channel is very rare in both the open space and the tunnel scenario, it is proposed to not specify requirements for multi-path fading channel models with high Doppler values.
Proposal 2: Do not specify requirements for multi-path fading channel models with high Doppler values. (Option 1)



In Rel-15, the performance requirements of DFT-s-OFDM are defined in normal demodulation. Based on the simulation results, the performance difference between DFT-s-OFDM and CP-OFDM is rather small. So there is no need to specify DFT-s-OFDM requirements for HST. Also, we have concern on the workload if DFT-s-OFDM requirements are defined. The simulation task for DFT-s-OFDM will lay a large burden for companies. 
If DFT-s-OFDM requirements are finally defined, we prefer to introduce 500km/h only or both 350km/h and 500km/h. In LTE HST, 350km/h has been defined to reflect high speed scenario. For NR HST, it is meaningless to only define 350km/h. 500km/h is much more important and typical than 350km/h to evaluate the high speed performance for NR HST compared to LTE HST.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 3: Do not introduce DFT-s-OFDM waveform for HST PUSCH requirements. (Option 2)
3. Conclusion
In this contribution, the remaining issues for NR HST PUSCH are primarily analysed. The proposals are derived as follows:
Proposal 1: Only have MCS2 for 1T1R requirements. (Option 1)
Proposal 2: Do not specify requirements for multi-path fading channel models with high Doppler values. (Option 1)
Proposal 3: Do not introduce DFT-s-OFDM waveform for HST PUSCH requirements. (Option 2)
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