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Introduction
After the previous RAN4#101-bis-e meeting the following issues left open regarding the HST FR2 PUSCH demodulation performance requirements [1]:
· Test applicability rules and manufacturer declarations
· MCS selection and alignment of the simulation results
In this contribution, we discuss the open issues above and share additional simulation results in a simpler propagation conditions with fixed Doppler offset to verify the results in HST FR2 propagation conditions submitted for alignment.


Discussion
On test applicability rules and manufacturer declarations
At the previous RAN4#101-bis-e meeting it was agreed that all combinations of pos0, pos1, and pos2 should be possible to declare, but the formulation of the exact working was left FFS:
	[bookmark: _Hlk93660443]Issue 1-1-2: Manufacturer declaration on HST FR2 DM-RS support - PUSCH
Agreement:
Define manufacturer declaration, applicable to BS Type 2-O, for PUSCH additional DM-RS in FR2 HST scenario.
The intention is that all combinations of pos0, pos1, and pos2 should be possible to declare.
Exact wording is FFS.



One example of a similar manufacturer declaration is D.101 “PUSCH additional DM-RS positions” from table 4.6-1 of TS 39.141-2, where supported additional DM-RS positions can be declared as
“Declaration of the supported additional DM-RS position(s) for FR2, i.e., pos0, pos1, or both.”
This is a compact way to formulate the declaration without explicit listing of all possible combinations. Since all possible combinations are supposed to be supported, an alternative to the explicit listing of all possible DM-RS position combinations will be:
RAN 4 to describe manufacture declaration on HST FR2 DM-RS support as follows:
“Declaration of the supported additional DM-RS position(s) for HST FR2 scenario, i.e., pos0, pos1, pos2, or any combinations of those.”
Regarding the test applicability, the following candidate options were discussed [1]:
	Issue 1-1-1: Test applicability
Candidate options:
· Option 2: FR2 HST PUSCH requirement test shall apply only for the additional DM-RS position declared to be supported. 
If more than one DMRS configuration is declared to be supported, the test shall be done for the minimum number of DMRS supported.
· Option 3: FR2 HST PUSCH requirement test shall apply only for the additional DM-RS position declared to be supported. 
If more than one DMRS configuration is declared to be supported, a pass with either of the possibilities is sufficient to demonstrate compliance to the core requirement. Capture this in a note to the performance requirement.



In high-speed scenarios the higher density of reference symbols is beneficial because it provides a possibility to evaluate Doppler offset more accurately. Therefore, if the system has passed a test with a lower RS density then it is highly likely that it will pass it with the higher RS density as well. However, this statement would not work in the other direction.
If the test has passed with lower DM-RS density, then we can expect that it will be passed with higher density as well. However, passing of the test with high DM-RS density may not guaranty that the lower DM-RS density is sufficient.
RAN4 to base test applicability on Option 2, i.e., if more than one DM-RS configuration is declared to be supported, the test shall be done for the minimum number of DM-RS supported.

On MCS requirements selection
At the previous RAN4#101-bis-e meeting, simulation results reported by the companies [2] still demonstrated the lack of alignment. Therefore, in the WF [1] it was proposed to verify and compare the PUSCH performance in a simpler channel model: AWGN + fixed maximum Doppler offset of 19458 Hz (without bi-directional propagation channel):
	[bookmark: _Hlk93661461]Issue 1-3-1: Requirement selection
Candidate options:
· Option 1 (Nokia, Intel): If a large span in the PUSCH simulations results still persists, RAN4 to verify and compare the PUSCH performance in a simpler channel model: AWGN + fixed maximum Doppler offset of 19458 Hz (without bi-directional propagation channel).
· [bookmark: _Hlk93485405][bookmark: _Hlk93485388]Option 2 (CATT): Further check the span based on the consensus of Issue 1-2-1.
· Option 3 (HW): Apply the method discussed in Sub-topic 4-3 to derive the performance requirements directly.
Recommended WF:
Interested companies are invited to voluntarily bring results for the propagation conditions in option 1, at least for the test case {Post-FFT/[Pre-FFT]; Type B, 10 Symbols, 120kHz/200MHz; MCS20; DM-RS 1+1}.
The results are for alignment only and not intended for deriving the requirement 




Below, we present the comparison of simulation results in the agreed HST FR2 simulation parameters and model with propagation conditions from Option 1. In Table 1, Pos-FFT FOC results are reported that are used for alignment (including impairment results), and Table 2 contains Pre-FFT FOC results for reference. Both are at 50MHz CBW and 120KHz SCS.

[bookmark: _Ref95303006]Table 1: Ideal and Impairment HST FR2 PUSCH link-level simulation results with Post-FFT FOC, 50 MHz SCS.
	RS configuration
	MCS
	SNR at 70% max TPut

	
	
	HST FR2 channel mode, Ideal
	HST FR2 channel mode, Impairment
	AWGN + 19458 Hz FO, Ideal

	DMRS 1+0
	MCS16
	6.72
	9.82
	6.78

	DMRS 1+0
	MCS17
	7.42
	10.52
	7.49

	DMRS 1+0
	MCS18
	7.94
	11.04
	8.01

	DMRS 1+0
	MCS19
	9.12
	12.22
	9.12

	DMRS 1+0
	MCS20
	10.15
	13.25
	10.19

	
	
	
	
	

	DMRS 1+1
	MCS16
	6.57
	9.67
	6.56

	DMRS 1+1
	MCS17
	7.18
	10.28
	7.19

	DMRS 1+1
	MCS18
	8.06
	11.16
	8.07

	DMRS 1+1
	MCS19
	8.94
	12.04
	9.02

	DMRS 1+1
	MCS20
	10.16
	13.26
	10.19

	
	
	
	
	

	DMRS 1+1+1
	MCS16
	6.48
	9.58
	6.52

	DMRS 1+1+1
	MCS17
	7.21
	10.31
	7.28

	DMRS 1+1+1
	MCS18
	7.71
	10.81
	7.79

	DMRS 1+1+1
	MCS19
	8.73
	11.83
	8.82

	DMRS 1+1+1
	MCS20
	10.17
	13.27
	10.22



[bookmark: _Ref95303015]Table 2: Ideal HST FR2 PUSCH link-level simulation results with Pre-FFT FOC, 50 MHz SCS..
	RS configuration
	MCS
	SNR at 70% max TPut

	
	
	HST FR2 channel mode
	AWGN + 19458 Hz FO

	DMRS 1+0
	MCS16
	6.33 
	6.39 

	DMRS 1+0
	MCS17
	7.14 
	7.09 

	DMRS 1+0
	MCS18
	7.61 
	7.56 

	DMRS 1+0
	MCS19
	8.61 
	8.56 

	DMRS 1+0
	MCS20
	9.46 
	9.46 

	
	
	
	

	DMRS 1+1
	MCS16
	6.20 
	6.19

	DMRS 1+1
	MCS17
	6.74 
	6.82 

	DMRS 1+1
	MCS18
	7.66 
	7.61 

	DMRS 1+1
	MCS19
	8.41 
	8.45 

	DMRS 1+1
	MCS20
	9.45 
	9.47 

	
	
	
	

	DMRS 1+1+1
	MCS16
	6.19 
	6.14 

	DMRS 1+1+1
	MCS17
	6.80 
	6.88

	DMRS 1+1+1
	MCS18
	7.26 
	7.35 

	DMRS 1+1+1
	MCS19
	8.23 
	8.30 

	DMRS 1+1+1
	MCS20
	9.50 
	9.49 



Additionally, we report similar selected ideal and impairment simulation results with 200 MHz SCS for post-FFT and pre-FFT FOC in Table 3 and Table 4, correspondingly.

Table 3: Ideal and Impairment HST FR2 PUSCH link-level simulation results with Post-FFT FOC, 200 MHz SCS.
	RS configuration
	MCS
	SNR at 70% max TPut

	
	
	HST FR2 channel mode, Ideal
	HST FR2 channel mode, Impairment
	AWGN + 19458 Hz FO, Ideal

	DMRS 1+0
	MCS16
	6.64
	9.74
	

	DMRS 1+0
	MCS17
	7.22
	10.32
	

	DMRS 1+0
	MCS18
	7.73
	10.83
	

	DMRS 1+0
	MCS19
	8.85
	11.95
	

	DMRS 1+0
	MCS20
	9.86
	12.96
	

	
	
	
	
	

	DMRS 1+1
	MCS16
	6.58
	9.68
	6.57

	DMRS 1+1
	MCS17
	7.20
	10.3
	7.19

	DMRS 1+1
	MCS18
	7.75
	10.85
	7.88

	DMRS 1+1
	MCS19
	8.71
	11.81
	8.8

	DMRS 1+1
	MCS20
	9.80
	12.9
	9.96

	
	
	
	
	

	DMRS 1+1+1
	MCS16
	6.61
	9.71
	

	DMRS 1+1+1
	MCS17
	7.23
	10.33
	

	DMRS 1+1+1
	MCS18
	7.71
	10.81
	

	DMRS 1+1+1
	MCS19
	9.02
	12.12
	

	DMRS 1+1+1
	MCS20
	10.02
	13.12
	



Table 4: Ideal HST FR2 PUSCH link-level simulation results with Pre-FFT FOC, 200 MHz SCS.
	RS configuration
	MCS
	SNR at 70% max TPut

	
	
	HST FR2 channel mode
	AWGN + 19458 Hz FO

	DMRS 1+0
	MCS16
	6.21 
	

	DMRS 1+0
	MCS17
	6.91 
	

	DMRS 1+0
	MCS18
	7.30 
	

	DMRS 1+0
	MCS19
	8.31 
	

	DMRS 1+0
	MCS20
	9.22 
	

	
	
	
	

	DMRS 1+1
	MCS16
	6.21
	6.15

	DMRS 1+1
	MCS17
	6.72 
	6.84 

	DMRS 1+1
	MCS18
	7.37 
	7.43 

	DMRS 1+1
	MCS19
	8.21 
	8.24 

	DMRS 1+1
	MCS20
	9.21 
	9.26 

	
	
	
	

	DMRS 1+1+1
	MCS16
	6.21 
	

	DMRS 1+1+1
	MCS17
	6.88
	

	DMRS 1+1+1
	MCS18
	7.24 
	

	DMRS 1+1+1
	MCS19
	8.43 
	

	DMRS 1+1+1
	MCS20
	9.23 
	



It can be seen that PUSCH performance in both propagation conditions is the same. Thus, FOE/FOC algorithms are able to cope efficiently with the changing Doppler profile in the agreed HST FR2 propagation conditions.
Based on our results, there is no meaningful difference in PUSCH performance between the agreed HST FR2 channel model with a Doppler profile and simpler model with fixed Doppler offset.
Ideal and impairment results reported in Table 1 and Table 3 can be used for the simulation results alignment.

Regarding the MCSs selection, the following options were proposed at the previous meeting [1]:
	Issue 1-2-1: MCS
Candidate options:
· Option 1: Only 20.
· Option 4: Only MCS16.
· Option 5: Both MCS16 and MCS20.
With applicability rule that that the PUSCH performance requirements needs to be tested only with highest supported MCS.
· Option 6: Continue simulation results alignment with range as MCS16-MCS20.
· [bookmark: _Hlk95761283]Option 7: Use “MCS 20 only” as baseline. Change to “MCS 16 only”, if SNR after requirement derivation is larger than 20dB.
· Option 8: Continue simulation results alignment with MCS16 and MCS20 only.




We are not against the introduction of requirement for MCS16. However, it should not be the only required MCS because it is more realistic in HST FR2 scenarios that high-order modulation will be used, i.e., based on 64QAM. In this case, it will be necessary define an additional manufacture declaration/applicability rule that will limit testing only to one of the MCS. One option would be to declare highest supported MCS, but this might be impractical because, in general, all MCSs should be supported by the BS.
Therefore, our preference is to use MCS 20 as a baseline. However, we can agree to change to lower MCS (not specifically to MCS16) if SNR after requirement derivation is larger than 20dB or if the large span among the simulation results persist at MCS 20.
Use MCS 20 only as a baseline. Change to lower MCS if SNR after requirement derivation is larger than 20dB or if there is a large span in the alignment results.

Conclusion
In this paper we discussed the test applicability rules and manufacturer declarations for the PUSCH RSs, MCS selection and alignment of the simulation results.
The following observations and proposal were made:
1. RAN 4 to describe manufacture declaration on HST FR2 DM-RS support as follows:
“Declaration of the supported additional DM-RS position(s) for HST FR2 scenario, i.e., pos0, pos1, pos2, or any combinations of those.”
1. If the test has passed with lower DM-RS density, then we can expect that it will be passed with higher density as well. However, passing of the test with high DM-RS density may not guaranty that the lower DM-RS density is sufficient.
1. RAN4 to base test applicability on Option 2, i.e., if more than one DM-RS configuration is declared to be supported, the test shall be done for the minimum number of DM-RS supported.
Based on our results, there is no meaningful difference in PUSCH performance between the agreed HST FR2 channel model with a Doppler profile and simpler model with fixed Doppler offset.
1. Ideal and impairment results reported in Table 1 and Table 3 can be used for the simulation results alignment.
1. Use MCS 20 only as a baseline. Change to lower MCS if SNR after requirement derivation is larger than 20dB or if there is a large span in the alignment results.
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