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Introduction
During the last RAN4#95-e meeting, very good progress was made on the topic of NR Rel-16 HST BS demodulation PUSCH requirements [1]. All of the most pressing points of contention were resolved, with special mention of applicability rules, spec structure, manufacturer declaration, and 1T1R introduction.
Some remaining issues are captured in the corresponding WF [2]. The major open topics being:
· MCS configuration for 1T1R requirements for the tunnel scenario.
· Introduction of requirements for multi-path fading channel models with high Doppler values.
· Introduction of PUSCH HST requirements for DFT-s-OFDM.
In this contribution we will express our views on the captured open issues and open new discussions, if necessary.
Additionally, we include the results of our various simulation campaigns directly in this Tdoc.



Discussion on open issues
Here we discuss open issues, left over from the last meeting.

PUSCH MCS configuration for 1T1R requirements
The discussion about 1T1R has been ongoing for some time now. In RAN4#95-e, it was decided to have 1T1R tunnel requirements, with an applicability rule that allows to avoid testing these requirements.
The remaining point of discussion, is if only MCS2 is tested, or if MCS16 is also tested. With one company proposing a compromise with the high Doppler multi-path fading topic. From the WF [2]
	· 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.



Given the low number of 1T1R test cases, and the option to support 1T1R without testing via manufacturer declaration, we don’t see a reason to oppose the inclusion of requirements for both MCS2 and MCS16.
Low number of 1T1R test cases, and the option to support 1T1R without testing via manufacturer declaration.
RAN4 to include requirements for both MCS2 and MCS16 for the 1T1R tunnel scenario, as testing of the requirements can be avoided even when optional HST testing is carried out.


PUSCH multi-path fading channel models with high Doppler values
The discussion on multi-path fading channel under high Doppler was as lively as ever at RAN4#95-e [2]:
	· 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.



In the discussion of RAN4#95-e [1], we have declared our support for the compromise proposal of option 4.
For this meeting we have carried out a simulation campaign for TDLC300-400 with FO=600Hz in 15kHz and FO=1200Hz in 30kHz. The full results can be found below in section 3.3.
We found that the 30kHz case is feasible, however the 15kHz case might have issues. See table below for the concerned cases (extract of full results).

Table 1: TDLC, PUSCH, [350kph], CP-OFDM, Type A TDRA: simulation setup and results summary
	Propagation condition
	fc (GHz)
	SCS
	CBW
	FO
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS
	SNR (dB) @ 70%TPUT 

	
	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	TDLC300-400
	2.1
	15KHz
	5MHz
	600Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-1.12
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	N/A
	




The requirements for 15kHz SCS under TDLC300-400 multi-path fading with FO=600Hz, 1T1R, and MCS16 might be infeasible. More results from other companies are required to evaluate the correctness of our results.

Until more results become available from other companies, we change our previous proposal to:
RAN4 to specify TDLC300-400 multipath fading requirements only for MCS2. The FO can be chosen as FO=600Hz in 15kHz and FO=1200Hz in 30kHz.


PUSCH HST requirements for DFT-s-OFDM
In RAN4#95-e, it was still not agreed whether to introduce DFT-s-OFDM or not; from the WF [2]
	· 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.



We have seen in Rel-15 that the coverage difference between CP-OFDM and DFT-s-OFDM is less than 0.8dB in the worst cases. The last meeting, we had re-run a set of simulations with DFT-s-OFDM (see Table 2) and have made the following observation:
In high speed 70%TPUT requirements, dft-s-OFDM improves coverage by less than 0.4dB in MCS2 and loses coverage (within simulation uncertainty) for MCS16.
[bookmark: _Ref46953063]Table 2: Coverage difference DFT-s-OFDM vs. CP-OFDM in high speed scenarios.
	Freq/Speed
	Propagation condition
	CBW/SCS
	DM-RS
	MCS
	DFT-S
SNR@70% TPUT
	CP-OFDM
SNR@70% TPUT
	Difference
SNR

	2.1GHz/350kph
	Single Tap-Scen3-1340Hz
	10MHz/15kHz
	1+1+1 l0=2
	2
	-6.33
	-5.93
	0.4

	
	
	
	
	16
	5.79
	5.75
	-0.04

	
	
	
	1+1+1 l0=3
	2
	-6.33
	-5.94
	0.39

	
	
	
	
	16
	5.8
	5.75
	-0.05

	
	Single Tap-Scen1-1340Hz
	10MHz/15kHz
	1+1+1, l0=2
	2
	-6.36
	-6
	0.36

	
	
	
	
	16
	5.75
	5.73
	-0.02

	
	
	
	1+1+1 l0=3
	2
	-6.36
	-6
	0.36

	
	
	
	
	16
	5.75
	5.73
	-0.02

	3.6GHz/350kph
	Single Tap-Scen3-2334Hz
	40MHz/30kHz
	1+1+1 l0=2
	2
	-6.34
	-5.97
	0.37

	
	
	
	
	16
	5.76
	5.74
	-0.02

	
	
	
	1+1+1 l0=3
	2
	-6.34
	-5.97
	0.37

	
	
	
	
	16
	5.76
	5.75
	-0.01

	
	Single Tap-Scen1-2334Hz
	40MHz/30kHz
	1+1+1, l0=2
	2
	-6.36
	-6.01
	0.35

	
	
	
	
	16
	5.74
	5.72
	-0.02

	
	
	
	1+1+1 l0=3
	2
	-6.36
	-6.02
	0.34

	
	
	
	
	16
	5.74
	5.72
	-0.02

	3.6GHz/500kph
	Single Tap-Scen3-3334Hz
	40MHz/30kHz
	1+1+1 l0=2
	2
	-6.31
	-5.91
	0.4

	
	
	
	
	16
	6.07
	5.81
	-0.26

	
	Single Tap-Scen1-3334Hz
	40MHz/30kHz
	1+1+1, l0=2
	2
	-6.35
	-5.98
	0.37

	
	
	
	
	16
	5.78
	5.74
	-0.04



Unless other simulation results produced in this meeting (RAN4#96-e) challenge these results, we see no technical reason to include DFT-s-OFDM.
RAN4 to not add DFT-s-OFDM to minimum requirements, since coverage is not significantly improved and the demodulation performance/implementation of DFT-s-OFDM is already verified in Rel-15.



Simulation results
In RAN4#94-bis-e it was agreed to additionally include HST PUSCH requirements for 15kHz/5MHz and 30kHz/10MHz. Provisions for these minimum CBW requirements were skipped in RAN4#95-e, due to preparation of the specs for ITU submission.
Hence, we include our simulation results for this meeting hereunder.
Additionally, we carried out a simulation campaign for the issue of multi-path fading channel under high Doppler, which can also be found hereunder.

Parameters
Unless otherwise stated in the following, the simulation setup follows the HST PUSCH baseline as captured in the WF [2]:
Table 3: PUSCH HST baseline configuration
	Parameter
	Value

	
	v = 350km/h
	v = 500km/h

	Transform precoding
	Disabled
FFS: Enabled
	Disabled
FFS: Enabled

	Number of Tx
	1
	1

	Number of Rx
	Tunnel: 2, 1
Open space: 2, 8
	Tunnel: 2, 1
Open space: 2, 8

	Number of layers
	1
	1

	SCS
	15kHz, 30kHz
	15kHz, 30kHz

	Reference signal
	DMRS type 1 with 1+1+1
	DMRS type 1 with 1+1+1

	 l0 
	l0 = 2 or 3
	l0 = 2 or 3

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	MCS index
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16
MCS2 and [16] for 1T1R
	Tunnel: MCS 2 and MCS 16
Open space: MCS 2 and MCS 16
MCS2 and [16] for 1T1R

	Maximum Doppler shift
	15kHz SCS: 1340Hz
	30kHz SCS: 2334Hz
	15kHz SCS: 1740Hz
	30kHz SCS: 3334Hz

	Carrier frequency (GHz)
	15kHz SCS: 2.1GHz
30kHz SCS: 3.6GHz
	15kHz SCS: 1.8GHz (Band n3)
30kHz SCS: 3.6GHz

	Propagation condition
	HST single-tap channel model:
Tunnel: Ds=300m, Dmin=2m
Open space: Ds=700m, Dmin=150m
FFS: Multi-path fading channel under high Doppler value 
15kHz: [600]Hz; 30kHz: [1200]Hz

	SCS and BW
	15kHz: 10MHz/5MHz; 30kHz: 40MHz/10MHz

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput




Minimum CBW
Here are our simulation results for the newly introduced minimum CBW cases:

Table 4: PUSCH, 500kph, CP-OFDM, AWGN, Type A TDRA: simulation setup and results summary
	Propagation condition
	fc (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS
	SNR (dB)

	
	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.74
	8.24

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-11.26
	-8.76

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	-0.23
	2.27

	Tunnel
	1.8
	15KHz
	5MHz
	1740Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-2.76
	-0.26

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16[FFS]
	10.59
	13.09

	
	
	
	
	
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.57
	-3.07

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	9.52
	12.02

	
	3.6
	30KHz
	10MHz
	3334Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-3.11
	-0.61

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16[FFS]
	8.76
	11.26

	
	
	
	
	
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.88
	-3.38

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.76
	8.26

	Open space
	1.8
	15KHz
	5MHz
	1740Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.87
	-3.37

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.82
	8.32

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-11.21
	-8.71

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	-0.05
	2.45

	
	3.6
	30KHz
	10MHz
	3334Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.93
	-3.43

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.7
	8.2

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-11.24
	-8.74

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	-0.25
	2.25




Table 5: PUSCH, 350kph, CP-OFDM, AWGN, Type A TDRA: simulation setup and results summary
	Propagation condition
	fc (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS
	SNR (dB)

	
	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	Tunnel
	2.1
	15KHz
	5MHz
	1340Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-3.08
	-0.58

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16[FFS]
	8.83
	11.33

	
	
	
	
	
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.86
	-3.36

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.84
	8.34

	
	3.6
	30KHz
	10MHz
	2334Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-3.15
	-0.65

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16[FFS]
	8.71
	11.21

	
	
	
	
	
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.93
	-3.43

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.72
	8.22

	Open space
	2.1
	15KHz
	5MHz
	1340Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.89
	-3.39

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.76
	8.26

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-11.22
	-8.72

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	-0.18
	2.32

	
	3.6
	30KHz
	10MHz
	2334Hz
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-5.95
	-3.45

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	5.65
	8.15

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-11.25
	-8.75

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	-0.27
	2.23




[bookmark: _Ref47519073]Multi-path fading channel under high Doppler
Here are our simulation results for the evaluation of multi-path fading channels:

Table 6: TDLC, PUSCH, [350kph], CP-OFDM, Type A TDRA: simulation setup and results summary
	Propagation condition
	fc (GHz)
	SCS
	CBW
	FO
	Tx/Rx
	PUSCH mapping type
	DMRS
	l0
	MCS
	SNR (dB) @ 70%TPUT 

	
	
	
	
	
	
	
	
	
	
	Ideal
	Impairment

	TDLC300-400
	2.1
	15KHz
	5MHz
	600Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-1.12
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	N/A
	

	
	
	
	
	
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-4.81
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	9.86
	

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-10.84
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	1.05
	

	
	3.6
	30KHz
	10MHz
	1200Hz
	1T1R
	Type A
	1+1+1
	2 or 3
	2
	-1.31
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	12.85
	

	
	
	
	
	
	1T2R
	Type A
	1+1+1
	2 or 3
	2
	-4.91
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	7.71
	

	
	
	
	
	
	1T8R
	Type A
	1+1+1
	2 or 3
	2
	-10.86
	

	
	
	
	
	
	
	Type A
	1+1+1
	2 or 3
	16
	0.32
	





Conclusion
In this contribution we have provided our views on various open PUSCH HST issues. In particular, MCS configuration of 1T1R requirements for the tunnel scenario, dft-s-OFDM requirement introduction, multi-path fading channel under high Doppler values.
We have made the following observations and proposals:

PUSCH MCS configuration for 1T1R requirements
1. Low number of 1T1R test cases, and the option to support 1T1R without testing via manufacturer declaration.
1. RAN4 to include requirements for both MCS2 and MCS16 for the 1T1R tunnel scenario, as testing of the requirements can be avoided even when optional HST testing is carried out.

PUSCH multi-path fading channel models with high Doppler values
RAN4 to agree to compromise proposal option 4 from last e-meeting (define HST Tunnel with MCS 2 and HST multi-path fading with MCS 16).

PUSCH HST requirements for DFT-s-OFDM
In high speed 70%TPUT requirements, dft-s-OFDM improves coverage by less than 0.4dB in MCS2 and loses coverage (within simulation uncertainty) for MCS16.
RAN4 to not add DFT-s-OFDM to minimum requirements, since coverage is not significantly improved and the demodulation performance/implementation of DFT-s-OFDM is already verified in Rel-15.
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