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1.	Introduction
In this paper, achievable SNR (SNR testability) for FR2 demod/performance test cases are discussed. In this paper we propose our view on the achievable SNR including the consideration for fading crest factor, which was identified as a new issue in RAN5#88-e.
2.	Discussion
In TR 38.810 v16.5.0, the achievable SNR(in other words, the maximum testable SNR in perf/demod/RRM test) are analyzed. This analysis is defined with the input from TE vendors on the typical test system parameters on max DL power, tx EVM, pathloss(conducted, antenna gain, and OTA FSPL).
Following parameters are those used in TR 38.810 v16.5.0.
Table 1 Test system parameters assumed in TR 38.810
	Item
	Value
	Unit
	Note

	Max Power
	10
	dBm
	< 6.0% EVM
Assuming : P1 dB 23dBm – 13dB(DL wanted signal crest factor margin)
Well aligned with the commercially available SS (or freq. converter) output power limit.

	Cable Loss
	8
	dB
	

	Ant Gain
	12.0
	dBi
	

	Free Space Path Loss
	62.3
	dB
	0.725m@43.5GHz

	Fading Crest Factor Margin
	0
	dB
	Not considered




2.1. Fading Crest Factor Margin Estimation
In this section, required crest factor margin due to fading is simulated. The amplitude of each tap is generated as an independent Rayleigh distributed random variable. Amplitude of each sample is obtained from sum of the power of each tap, and CCDF curve is generated for amplitude of each sample. Amplitude is normalized so that RMS average = 1. Number of samples are .
[image: ]

Figure 1 CCDF of normalized amplitude for each fading models

X %-tile value of CCDF in dB(20log10(amplitude)) means the required crest factor margin with which clipping probability due to fading becomes X%,  and is summarized in Table 2. 
Table 2 Required crest factor margin(in dB) value for various clipping probability threshold
	Clipping Prob. Due to fading
	Rayleigh
(For info)
	TDLA30
	TDLC60

	1.00E-01
	3.63
	2.24
	2.31

	1.00E-02
	6.64
	4.38
	4.32

	1.00E-03
	8.40
	5.81
	5.62

	1.00E-04
	9.65
	6.88
	6.60

	1.00E-05
	10.61
	7.74
	7.38

	1.00E-06
	11.39
	8.44
	8.03

	1.00E-07
	12.04
	9.04
	8.60

	1.00E-08
	12.49
	9.60
	9.07


The probability of clipping due to fading can be converted to the average clipping occurrence interval for each doppler frequency assumption and can be summarized in Table 3.
Table 3 Average clipping occurrence interval due to fading [sec]
	Doppler Freq  [Hz]
	35
	75
	300

	Avg. Fading Cycle [s] (NOTE1)
	0.0143
	0.0067
	0.0017

	Clipping Prob.
	1.00E-01
	0.57
	0.27
	0.07

	
	1.00E-02
	5.71
	2.67
	0.67

	
	1.00E-03
	57.14
	26.67
	6.67

	
	1.00E-04
	571.43
	266.67
	66.67

	
	1.00E-05
	5714.29
	2666.67
	666.67

	
	1.00E-06
	57142.86
	26666.67
	6666.67

	
	1.00E-07
	571428.57
	266666.67
	66666.67

	
	1.00E-08
	5714285.71
	2666666.67
	666666.67

	NOTE1 :   Avg. contiguous period of 1 clipping due to fading.


Table 2 and Table 3 give the information about required crest factor and average clipping occurrence interval due to fading. We can observe:
[bookmark: o1]Observation 1 : Required crest factor margin due to fading defers depending on fading model and doppler frequency.
[bookmark: o2]Observation 2 : Worst case scenario (among those defined for FR2 demod test) in terms of required crest factor margin is TDLA30. 
The analysis above is the analysis considering the clipping due to fading waveform. Even though no fading applies, TE always need to consider the crest factor of OFDM signal waveform, which is assumed as 13dB in Table 1. In general, fading cycle is much longer than the OFDM chip length. Figure 2 shows the rough image(not strict) of the relation of fading and OFDM signal variation.
[image: ]
Figure 2 Image of time domain OFDM signal with fading (power[dB] vs time)
Hence, in general we need to take a sum of the crest factor due to fading and OFDM wave form in dB unit. If enough crest factor margin(e.g. 9~10dB) is considered due to fading, the clipping occurrence frequency at the fading peak will be same as that in static propagation(no-fading) scenario. Note in this case, the overall(long-term average) clipping occurrence frequency is less than that in static propagation channel because clipping happens only at fading peaks.
[bookmark: o3]Observation 3 : Crest factor margin of fading and OFDM waveform needs to be added in dB in order. If enough crest factor margin is considered due to fading, the clipping occurrence frequency at the fading peak will be same as that in static propagation(no-fading) scenario.  
2.3. Achievable SNR estimation
Some TE specific parameters in SNR range calculator in TR 38.810 can be updated considering the real equipment’s parameters, and also according to the latest agreement in RAN5 and RAN4.
Following modification would be possible:
1) For IFF, we need to update free space pathloss based on 1m distance(30cm QZ assumption), rather than 0.7m distance(15cm QZ assumption), also it is worth to be differentiated by frequency ranges(29.5GHz, 40GHz, 43.5GHz) : 65.21@1m@43.5GHz, 64.48@1m@40GHz, 61.84@1m@29.5GHz
2) Multi Band Relaxation assumption can be updated from 2.0dB to 0.75dB
3) Absolute DL level MU assumption can be updated from 6.0dB to 5.19dB including beam peak search systematic error (0.5dB). Hence, “Beam peak search procedure/meas error” can be set to 0 if we include it in MU.
4) Cable loss 8dB. With our view, with the more optimized design to put priority on the dynamic range, we can reduce it by several dB and total cable loss can be e.g. 4dB for FR2a, 3dB for FR2b/FR2c.
Figure 3 shows the estimated achievable SNR after updating the values with per the above changes. “*(Opt)” considers 1-4, while others consider 1-3.
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Figure 3 Achievable SNR estimation
For PDSCH demodulation test, many of the test points are defined with SNR=14dB and above(11 out of 14). From figure 3, if we need a margin like 5~10dB, many of the test points cannot be tested especially for higher frequencies. Hence, we would like to discuss how we can decrease the crest factor margin due to fading as much as possible.
[bookmark: o4]Observation 4 : If we need additional margin like 5~10dB due to fading crest factor, many of the test points will be judged as “not testable” especially for higher frequencies . Discussion on the possible reduction of margin due to fading crest factor at the cost of increased clipping frequency is needed.
2.4. Determination of margin due to fading crest factor
The crest factor margin and the clipping occurrence frequency are of tradeoff relation.  One possible criteria is that we define it based on how often clipping occurs during measurement and how long the one clipping period lasts, which are summarized in Table 3 in 2.1.
The acceptable clipping occurrence frequency would be much relating to the test requirement itself. Following is the example for PDSCH and PDCCH demodulation test case. The target measurement error rate is around this order(10%~1%). If the error caused by clipping due to fading is much less than these rates, it can be said the effect is ignorable.
Table 4 Example of test metric and requirement
	
	Metric
	Value

	PDSCH
	Fraction of maximum throughput (%)
	>30%, >70%

	PDCCH
	Pm-dsg (%)
(Probability of mis detection of UL-Grant)
	<1%


Seeing the order of error rate, 0.01%(P=1.0e-4) error would be considered not affecting impact to the test result.  
[bookmark: o5]Observation 5 : Clipping probability of 1.0e-4 may be considered to give small impact to the test result. 
However, how the clipping probability affects the test result needs a confirmation from chip / UE vendors.  We would like to call for input from chip/UE vendors on acceptable clipping occurrence frequency and/or contiguous clipping period for FR2 demodulation test. 
[bookmark: p1]Proposal 1 : Confirm chip/UE vendors’ on the acceptable clipping occurrence frequency for FR2 demodulation/performance test case with fading. 
We need to note that, in principle, the TE’s Tx EVM requirement (<6%) specified by RAN4 will not be met during the clipping period due to fading. At the worst, depending on the final agreed margin, all the demodulation during one clipping period due to fading would fail. The discussion above is on the stand that RAN5 needs to cater for the testability issue(achievable SNR) with the tradeoff of occurrence of Tx EVM violation(thus not conform to RAN4 assumption) only during short instance in the test.

2.5. Power level modification
In the analysis in 38.810, the power margin of 6dB was assumed to derive the maximum testable SNR range. That in turn means that the Noc poewr level needs to be increased by DL measurement uncertainity otherwise the AWGN will go under the UE’s internal floor noise level and the SNR seen by the UE’s baseband receiver will get worse. Note that the maximum 1dB degradation of SNR due to floor noise of UE is allowed according to RAN4 discussion and achievable SNR in „SNR calculator“ in TR 38.810 is decided so that SNR degradation becomes <= 1dB. 
[bookmark: p2]Proposal 2: Increase the Noc Level (and thus wanted signal level as per Eoc = Noc + SNR ) by 5.19dB 
3.	Conclusion
RAN5 is asked to endorse following proposals.
Observation 1 : Required crest factor margin due to fading defers depending on fading model and doppler frequency.
Observation 2 : Worst case scenario (among those defined for FR2 demod test) in terms of required crest factor margin is TDLA30. 
Observation 3 : Crest factor margin of fading and OFDM waveform needs to be added in dB in order. If enough crest factor margin is considered due to fading, the clipping occurrence frequency at the fading peak will be same as that in static propagation(no-fading) scenario.  
Observation 4 : If we need additional margin like 5~10dB due to fading crest factor, many of the test points will be judged as “not testable” especially for higher frequencies . Discussion on the possible reduction of margin due to fading crest factor at the cost of increased clipping frequency is needed.
Observation 5 : Clipping probability of 1.0e-4 may be considered to give small impact to the test result. 
Proposal 1 : Confirm chip/UE vendors’ on the acceptable clipping occurrence frequency for FR2 demodulation/performance test case with fading. 
[bookmark: _GoBack]Proposal 2: Increase the Noc Level (and thus wanted signal level as per Eoc = Noc + SNR ) by 5.19dB 
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