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1 Introduction
At the RAN5#81 meeting it was agreed that for FR2 MOP Min Peak EIRP and Max TRP tests use TT=0.65*MU to achieve a 10% fail rate for a marginal UE [1].

At the RAN5#82 meeting the TT for MOP EIRP CDF test was under discussion, but no agreement could be reached. Proposals were TT=0.65*MU [2] and TT=2 dB [3]. During the discussion it was argued that the impact on the UE fail rate with same TT as the EIRP test is less due to that EIRP CDF verdict is a combined one based on hundreds of individual measurements, but no formal input document was presented.
At RAN5 NR Adhoc 5 (April 2019), a discussion paper [4] was presented which showed that the UE fail rate in the EIRP CDF test is significantly higher than in the EIRP test if the measurement errors across all the hundreds of measurements in the sphere are not 100% correlated (i.e. measurement error differs across measurements). The initial proposal in the paper that this justifies a lower TT in the EIRP CDF could not be agreed since the amount of correlation could not be quantified. Instead an AP was raised (AP#Adhoc#5.1) to “For FR2 EIRP spherical coverage evaluate further, which MU components are correlated (repeatability in multiple grid points within a test execution)”   

At RAN5#83 TE vendors submitted multiple papers to address the AP in [5] (Keysight), [6] (Anritsu), [7] (R&S) and the AP was closed. It was agreed that (proposal 1 in [5]) the MTSU defined in TR38.903 shall be defined under assumption of 100% correlation of errors. However, this does not preclude the correlation effect to be considered when defining TT in 38.521-2.
This paper uses the inputs from TE vendors on correlation of EIRP measurements in the EIRP CDF test and clarifies the impact on UE fail rate. It also brings up the related topic if noise influence for MU.

2 Discussion

2.1 Correlation of measurement errors across grid points 

Papers [5,6,7] listed the MU components that may give not 100% correlated measurement errors, which is summarised in Table 1 below.
	Description of uncertainty contribution
	type of correlation for measurements at different grid points

	
	Anritsu [6]
	Keysight [5]
	R&S [7]

	
	
	Stage 2: DUT measurement

	Quality of Quiet Zone
	not 100% correlated
	
	not 100% correlated

	Mismatch
	
	Measurement error not constant if very different power level different across grid points
	depends on TE implementation

	Uncertainty of the RF power measurement equipment (NOTE 1)
	
	Measurement error not constant if very different power level different across grid points
	depends on TE implementation

	gNB uncertainty on absolute level  (NOTE 2)
	
	
	depends on TE implementation

	Amplifier uncertainties
	not 100% correlated
	Measurement error not constant if very different power level different across grid points
	not 100% correlated

	Random uncertainty
	
	
	uncorrelated

	Multiple measurement antenna uncertainty
	
	
	100% correlated

	Influence of spherical coverage grid
	
	
	N/A

	
	
	Stage 1: Calibration measurement

	Uncertainty of the Network Analyzer
	
	Measurement error not constant if very different power level different across grid points
	100% correlated

	Uncertainty of the absolute gain of the calibration antenna
	
	
	100% correlated

	Quality of quiet zone for calibration process
	
	
	100% correlated

	Influence of the calibration antenna feed cable
	
	
	100% correlated


Table 1: MU components identified as potentially not fully correlated
Table 1 shows that 2, 4 and 5 MU components respectively were identified as being potentially not 100% correlated from the three TE vendors. The level of correlation could not be determined by any company. 
However in [6] an attempt to provide the corner cases was made. Two assumptions presented, assumption 1 (if partially correlated assume 100% correlated), assumption 2 (if partially correlated assume 0% correlated). Simulations showed that the difference between the two assumptions resulted in a 0.65 dB difference in 50%-tile MU in noisefree case. Simulations were performed assuming a UE EIRP CDF curve that is linear between 0.6 and 22.4 dBm (22 dB range). 

Using the two assumptions in [6] and simulating the actual variation of the 50%-tile instead of the MU, the TT resulting in a 10% UE fail rate can be derived. The UE fail rate is here defined as the risk of failing a borderline UE that has performance exactly same as core requirement (0 dB margin).
	
	Correlated MU (sigma)
	Uncorrelated MU (sigma)
	MU of 50%-tile (noisefree)
	TT resulting in 10% fail rate

	Assumption 1
	2.12 dB
	1.78 dB
	4.16 dB
	2.7 dB (0.64*MU)

	Assumption 2
	0.25 dB
	1.19 dB
	3.51
	2.3 dB (0.55*MU)

	Note: Numbers in this table are derived using TR38.903 V15.2.0. 


Table 2: MU and TT for assumption 1 and 2 from [6]
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Figure 1: CDF for the measured 50%-tile using assumption 2 and a marginal UE with 50%-tile at 11.5 dBm. A 10% fail rate is given at a test requirement of 9.17 dBm (TT = 2.3 dB)

In [5], Keysight states that when the “true” levels between two grid points/measurements are very different, then “Repeatability is no longer guaranteed due to the large differences in levels. As such, the measurement errors, no longer have to be similar between the two grid points”. Since the difference between min peak EIRP and 50%-tile EIRP CDF is large (10.9 dB for marginal UE) a large difference should be expected. 

Observation 1: Large power fluctuations across grid points should be expected, which according to [5] causes not constant measurement error across grid points. This may lead to that a negative measurement error causing a good->bad sample (<11.5 dBm) is compensated by a positive measurement error causing bad->good sample (>11.5 dBm) in another grid point thereby lowering the risk of failing a good UE compared to the single measurement test case min peak EIRP.
Observation 2: TR38.903 table B.3.2-5 note 3 states that “The assessment assumes maximum DUT output power.” The critical operating point for EIRP CDF around the 50%-ile is much lower. Only measurements at 50%-tile level +/- MU matters for the test verdict.
Proposal 1 (MU): Clarify in TR38.903 table B.3.2-5 that the assessment is made at the 50%-tile power level 11.5 dBm minus worst case MB relaxation value and assumption of a constant measurement error across grid points.
Proposal 2 (TT): Considering that Keysight and R&S identified more MU components than Anritsu that may not have constant measurement error, choose assumption 2 from Anritsu paper to be used for defining TT (TT=0.55*MU)
2.2 Influence of noise
In 38.903 the influence of noise is normally added as a systematic offset (often denoted ΔSNR) and therefore directly added to the other RSS’ed MU components to form the total MU (cf 38.903 table B3.2-5 Note 4). The influence of noise for EIRP CDF is currently TBD.
In [6] it was shown that the effect of noise is that the CDF curve is compressed in the lower range and that the mean error will be positive. Assuming the the variations from noise are fully averaged out it can be viewed as an always positive systematic power offset (ΔSNR) making it easier for the UE to pass the EIRP CDF test. Since this effect is always making it easier for the UE to pass, never the opposite, it needs to be discussed how to include it in the MU and TT. For EIRP CDF test which is a lower limit test, it is only a negative measurement error that is relevant for the test outcome with a compliant UE. The noise influence can never make the measurement error more negative and should hence not be included in the TT of such a test case. It could even be argued that this should make the test requirement stricter (or equivalently a lower TT) 

Observation 3: For a test case testing an upper limit the influence of noise should be included in the MU that the TT is based on since it may risk result in fail result for a compliant UE

Observation 4: For a test case testing a lower limit the influence of noise should NOT be included in the MU that the TT is based on since the effect on the UE is positive (can only make it easier to pass the requirement)

Proposal 3 (MU): To agree that the MU component “Influence of noise” only applies for positive MU 

Proposal 4 (TT): Influence of noise should be excluded when deciding TT for lower limit test cases like EIRP CDF. If ΔSNR turns out to be large, it should even be allowed to be a negative value resulting in a stricter test requirement (or equivalently a lower TT).
3 Proposal
Proposal 1 (MU): Clarify in TR38.903 table B.3.2-5 that the assessment is made at the 50%-tile power level 11.5 dBm minus worst case MB relaxation value and assumption of a constant measurement error across grid points.

Proposal 2 (TT): Considering that Keysight and R&S identified more MU components than Anritsu that may not have constant measurement error, choose assumption 2 from Anritsu paper to be used for defining TT (TT=0.55*MU)

Proposal 3 (MU): To agree that the MU component “Influence of noise” only applies for positive MU 

Proposal 4 (TT): Influence of noise should be excluded when deciding TT for lower limit test cases like EIRP CDF. If ΔSNR turns out to be large, it should even be allowed to be a negative value resulting in a stricter test requirement (or equivalently a lower TT).
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