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[bookmark: _Ref463014664]1.	Introduction
In TS 38.521-4 [5], there are still few 64QAM test points which are untestable for 28GHz bands due to achievable SNR lower than the required SNR. Lot more test points for 39GHz (n260) and 41GHz(n259) remains untestable due to similar reason as 28GHz bands. Also 256QAM test points which were later added to the spec have not been evaluated yet. 

This contribution provides simulation results for PAPR calculations for all the FR2 Demod and CSI test points currently in [5] and discusses the way forward for further improving the achievable SNR. 
2.	Discussion
In [3], we provided the simulation results for the 64QAM test point with the highest SNR requirement in the spec. Based on that data, 17.71 dB backoff value was chosen in coming up with achievable SNR for IFF system. 
Table 7.1.1_1-1 of TS 38.521-4 [5] summarizes the current achievable max SNR for different bands and channel BW.

Table 7.1.1_1-2 and Table 8.1.1_1-2 summarizes the current testability of the various test points for different bands and channel BW.
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3.	Simulation results and analysis

We ran the simulations for all the FR2 test points (including 256QAM) currently defined in 38.521-4 [5]. Below table summarizes the data. All simulations were run for close to 1E+08 samples.  The worst case signal PAPR and faded signal PAPR is captured.     

In the context of PAPR, it is better to reference the PAPR number to a probability. For 1e+8 samples, 1e-6 probability would be reasonable to avoid significant run-to-run variation in PAPR results  (100 occurrences on average at 1e-6 probability).

So the PAPR values at 1e-6 probability is also provided in the below table.
	 
	Test#
	Fading
	MCS
	Test SNR
	numSamples
	Mean Signal Pwr (Rx0/Rx1)
	Mean Faded signal Pwr (Rx0/Rx1)
	Signal PAPR (Rx0/Rx1)
	Faded Signal PAPR (Rx0/Rx1)
	Faded Signal PAPR at 1e-6 clipping prob

	1
	1-1
	TDLC60-300 Low
	QPSK
	1.4
	1.23E+08
	-4.44|-4.45
	-1.39|-1.37
	12.89|13.08
	16.87|17.40
	 

	2
	1-2
	TDLA30-300 Low
	16QAM
	3.6
	 
	 
	 
	 
	leverage from 2-2
	 

	3
	1-3
	TDLA30-300 XPL Med
	64QAM
	14.2
	1.23E+08
	-4.44|-4.45
	-1.52|-1.39
	13.04|13.15
	17.78|18.20
	15.72|16.21

	4
	1-4
	TDLD30-75 Low
	256QAM
	21.9
	9.22E+07
	-4.58|-4.59
	-1.72|-1.60
	13.31|13.29
	17.0|16.24
	15.08|14.82

	5
	2-1
	TDLA30-75 Low
	QPSK
	5.8
	 
	 
	 
	 
	leverage from 2-6
	 

	6
	2-2
	TDLA30-300 Low
	16QAM
	16
	1.23E+08
	-4.44|-4.45
	-1.5|-1.43
	12.95|12.96
	16.37|16.52
	 

	7
	2-6
	TDLA30-75 Low
	64QAM
	20.3
	3.98E+08
	-4.44
	-1.54
	13.77|13.23
	17.77|17.01
	14.73|14.54

	8
	3-1
	TDLA30-75 ULA Medium
	16QAM
	20.7
	1.23E+08
	-4.44|-4.45
	-1.71|-1.78
	12.95|12.96
	16.03|16.48
	14.19|14.55

	9
	8.2.2.2.2
	TDLA30-35 ULA High
	256QAM
	6/7, 12/13,
7/8, 20/21 
	9.22E+07
	-4.59|-4.59
	-1.70|-1.90
	12.86|12.82
	19.24|20.72
	17.69|19.05

	10
	8.3.2.2.1
	TDLA30-35 Low 
	16QAM
	 
	1.23E+08
	-4.45|-4.45
	-1.86|-1.96
	12.76|12.85
	17.80|17.19
	15.35|15.45

	11
	8.4.2.2 Test1/2
	TDLA30-35 Low
	64QAM
	0,16
	1.23E+08
	-4.45|-4.45
	-1.86|-2.0
	13.46|12.90
	15.98|15.86
	 

	12
	8.4.2.2 Test3
	TDLA30-35 XP High
	64QAM
	16
	1.23E+08
	-4.45|-4.45
	-1.80|-2.07
	13.25|13.27
	16.99|18.05
	15.57|15.54

	13
	8.4.2.2 Test3
	TDLA30-35 XP High
	64QAM
	16
	1.23E+08
	-4.45|-4.45
	-1.86|-2.08
	13.46|12.90
	15.42|15.77
	 

	14
	8.2.2.2.1.1
	AWGN only
	64QAM
	8/9, 14/15
	 
	Signal PAPR already available as part of other cases



Among all the 64QAM test points, previously we had gone with the worst case backoff 17.71 dB based on test point 2-6 which we thought would give the highest PAPR value. But as seen in the above table, test 1-3 has a slightly higher PAPR value.

Like also mentioned in [3] and [4], our proposal is to go with the worst case PAPR value obtained at 1e-6 clipping probability.

Proposal 1: Use 16.21 dB (replacing the current assumption of 17.71 dB) as the overall backoff for maximum testable SNR calculation for 64QAM scenarios.

Among the 256QAM test points, 8.2.2.2.2 scenario requires the highest PAPR value. Looking at the 1e-6 clipping probability point, we propose backoff value of 19.05 dB for 256QAM scenarios

Proposal 2: Use 19.05 dB as the overall backoff for maximum testable SNR calculation for 256QAM scenarios.

This ~1.5 dB improvement in testable SNR for 64QAM scenarios will make 4 more test points testable for n260 which means only 2 test points will remain untestable. For n259 band, this improvement in testable SNR will not help make any more test points testable. 7 test points still remain untestable for n259.

With the data for 256QAM, all the test points can be deemed testable for 28 GHz bands (n257, n258, n261). Testability issue remains for n259 and n260 bands.

Given we have exhausted all the options as listed in [4] under RAN5 control to improve the testable SNR, our proposal is to send a LS to RAN4 highlighting the remaining testability issue and get their input on the following options to improve the testability for remaining test points.

1. If any of the improvements that are being studied as part of the new testability SI will help here
1. Feasibility of configuring BWP with very low numRB for these test points which will result in improving the achievable SNR.

Proposal 3: Send a LS to RAN4 highlighting the remaining testability issues and get their input on some of the ways to improve the testability of remaining test points


4.	Conclusion
Proposal 1: Use 16.21 dB (replacing the current assumption of 17.71 dB) as the overall backoff for maximum testable SNR calculation for 64QAM scenarios.

Proposal 2: Use 19.05 dB as the overall backoff for maximum testable SNR calculation for 256QAM scenarios.

Proposal 3: Send a LS to RAN4 highlighting the remaining testability issues and get their input on some of the ways to improve the testability of remaining test points
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Table 7.1.1_1-2: Testability of test requirements due to maximum achievable SNR per band
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Table 8.1.1_1-2: Testability of test requirements due to maximum achievable SNR per band
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