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Introduction
This contribution intends to update the treatment of the ‘Sensitivity measurement: output level step resolution’ MU element for TRS measurements. 
Discussion
In [1], the MU element ‘Sensitivity measurement: output level step resolution’ for TRS measurements is defined as 
	B.2.6 Sensitivity measurement: output level step resolution
When output power of the communication tester is swept to reach the throughput target that defines the sensitivity
threshold, used power step resolution creates this uncertainty. Output power step used in the sensitivity measurement is
divided by factor 2 and then a rectangular distribution applied to obtain the uncertainty.


and was adopted from the legacy OTA conformance testing specification [2]
	E.19 BER measurement: output level step resolution 
When output power of the BS simulator is swept to reach the BER target, used power step resolution creates this uncertainty. Output power step used in the BER measurement is divided by factor 2 to obtain the uncertainty with rectangular distribution.


This MU element, among others, was used to determine the preliminary RAN4 NR FR1 TRS MU in [3]. Here, a number of MU elements were Root Sum Squared (RSS’ed) to determine the total (expanded) uncertainty and this MU element was considered symmetrical. 
The treatment of this sensitivity level step resolution is closely aligned with the ‘Sensitivity Search Step Size’ MU in CTIA 01.70 [4]
	[bookmark: _Toc121852305]2.20 Receiver Performance Search Step Size 
The step size of the power level used in the measurement must be evaluated as an uncertainty contribution. 
There are two possible approaches for the downlink power uncertainty term.   The lab shall indicate which approach was used to evaluate the uncertainty term.
[bookmark: _Ref90316700][bookmark: _Toc121852306]2.20.1 Fixed Step Size without Interpolation
The power uncertainty term can be evaluated as a fixed step size. Excluding other uncertainty contributions, the actual threshold power level ranges from the reported level to one step below the reported level. This can be represented as an asymmetric uncertainty contribution of +0/-step size, with a rectangular distribution. However, on average, the actual threshold, and thus the resulting threshold level, will be one-half step below the reported value. For the purposes of this test plan, this uncertainty contribution is assumed to be symmetrical with a fixed uncertainty contribution of ± one-half of the step size. 
For a 0.5 dB step size, a fixed uncertainty contribution of ±0.25 dB with a rectangular distribution (standard uncertainty contribution of 0.144 dB) should be reported for the step size uncertainty.


It can be observed that the MU for EIS search step size without interpolation, Section 2.20.1 in CTIA 01.70 [4], mentions an “asymmetric uncertainty contribution” but suggests to treat the MU to be symmetrical (“For the purposes of this test plan, this uncertainty contribution is assumed to be symmetrical with a fixed uncertainty contribution of ± one-half of the step size.”).
[bookmark: _Ref129931579][bookmark: _Ref140235225]Observation 1: In CTIA, it was observed that the MU for EIS search step size is asymmetrical but has been treated as symmetrical in CTIA and 3GPP.
This observation is more closely analysed next. This analysis framework allowed accurate MU assessments in terms of the standard deviation and mean error from the reference “true” result as illustrated in Figure 1.
[image: ]
[bookmark: _Ref129882676]Figure 1: MU assessment of std. deviation and mean error
The analysis framework summarized as recent as [5] was modified to assess the EIS search step size MU. Here, the antenna patterns below 3 GHz were used as a baseline. From this dataset, an aggregate standard deviation and mean error was determined. For each of the 10k random rotations, the individual EIS were rounded to the next closest multiple of the search step size yielding a pass. The simulation results are summarized in Table 1 for three different EIS step sizes of 0 dB, 0.25 dB, and 0.5 dB. It can be observed that the EIS step sizes do not affect the standard deviations while the mean error matches half the EIS step size regardless of measurement grid size. To single out the effect of the EIS step size only, i.e., remove the small effect of the measurement grids, the difference in mean errors with and without the finite EIS step size is further investigated and quantified in Table 2.  The differences in mean error between the 0.5 dB step size results and the results with the infinitesimal EIS search step size are shown separately for each of the analysed patterns this time. Clearly, the 0.25 dB systematic error is independent of the measurement grid and the antenna patterns. 
[bookmark: _Ref129892643]Table 1: Aggregate MUs (standard deviation and mean error) for different EIS search step sizes
	Constant Step-Size Grid
	Aggregate MU (pooling all 6 < 3GHz Patterns)

	Dq=Df [°]
	# of unique grid points
	Quadrature
	EIS discretization/step size [dB]
	Std. Deviation [dB]
	Mean Error (Measured – Reference TRS) [dB]

	1
	64442
	Clenshaw-Curtis
	0dB (infinitesimal)
	0.00
	0.00

	5
	2522
	
	
	0.00
	0.00

	10
	614
	
	
	0.00
	0.00

	15
	266
	
	
	0.00
	0.00

	30
	62
	
	
	0.01
	0.00

	45
	26
	
	
	0.05
	0.01

	60
	14
	
	
	0.11
	0.01

	5
	2522
	Clenshaw-Curtis
	0.25
	0.00
	0.13

	10
	614
	
	
	0.00
	0.13

	15
	266
	
	
	0.00
	0.13

	30
	62
	
	
	0.02
	0.13

	45
	26
	
	
	0.05
	0.13

	60
	14
	
	
	0.12
	0.13

	5
	2522
	Clenshaw-Curtis
	0.5
	0.00
	0.25

	10
	614
	
	
	0.01
	0.25

	15
	266
	
	
	0.01
	0.25

	30
	62
	
	
	0.02
	0.25

	45
	26
	
	
	0.06
	0.25

	60
	14
	
	
	0.12
	0.26


[bookmark: _Ref140071099]Table 2: Mean Error Differences with respect to infinitesimal EIS search step size (Mean Error of TRS0.5dB - Mean Error of TRSinfinitesimal)
	Dq=Df [°]
	EIS discretization/step size [dB]
	BHR_pattern824_GSM
	BHR_pattern1800_GSM
	BHR_pattern2450_BT
	FS_pattern
824_GSM
	FS_pattern
1800_GSM
	FS_pattern
2450_BT

	5
	0.5
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	10
	
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	15
	
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	30
	
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	45
	
	0.25
	0.24
	0.25
	0.25
	0.24
	0.25


[bookmark: _Ref140235226]Observation 2: The mean error related to the EIS sensitivity search step size is device independent and corresponds to 0.5*search step size. 
In [5], it was endorsed to treat mean errors of TRP/TRS measurement grids as systematic error in the MU budget similar to other mean errors in FR2, e.g., ‘Systematic error due to TRP calculation/quadrature’ and ‘Influence of Noise.’ 
	For legacy OTA testing, measurement grid MUs related to coarse measurement grids have always been captured as an MU element (standard deviation) that is RSS’ed with other MU elements, e.g., MU element ‘Coarse Sampling Grid’ in Clause A.4.2.12 of [12] in Table A.4.3.1-2 for TRP and in Table A.4.4.1-2 for TRS. However, mean errors for TRP/TRS measurement grids so far have never been captured in the MU budget for below 6 GHz OTA testing. On the other hand, mean errors for TRP measurement grids were captured as systematic uncertainty for FR2, e.g., B.2.1.24 in [13]
	[bookmark: _Toc21004777][bookmark: _Toc36041550][bookmark: _Toc36548774][bookmark: _Toc43901249][bookmark: _Toc52371981][bookmark: _Toc58253438][bookmark: _Toc75371568][bookmark: _Toc83730734][bookmark: _Toc90489235][bookmark: _Toc100005301][bookmark: _Toc114990124][bookmark: _Toc131528677]B.2.1.24	Systematic error due to TRP calculation/quadrature
When calculating TRP using different quadrature of constant step size data, a mean error shall be taken into account. The value of this contributor depends on the number of measurement grid points and the quadrature technique used.
No mean error has to be taken into account for constant density approach (using the charged particle or the golden spiral implementation) for non-sparse antenna arrays.
This measurement uncertainty contributor represents a systematic uncertainty and must not be root sum squared with contributors described by standard deviation.


Given the precedent, it is proposed to treat the mean errors for TRP/TRS in Table 10 as systematic uncertainty and revise the MU tables in Table A.4.3.1-2 for TRP and in Table A.4.4.1-2 for TRS [12] accordingly.
[bookmark: _Ref134632890]Proposal 4: Treat the mean errors for TRP/TRS in Table 10 as systematic uncertainty and revise the MU tables in Table A.4.3.1-2 for TRP and in Table A.4.4.1-2 for TRS [12] accordingly


For those MU elements, this treatment to capture the mean error as a systematic uncertainty in the MU budget made sense as those MUs are UE or test system dependent. The rationale is that different UEs and different test systems will see different mean errors and thus the mean error should be taken into account in the overall MU.
However, the MU element for the ‘Sensitivity measurement: output level step resolution’ MU element is different as the mean error is not UE or test system dependent. Since the MU element has the same effect on all UEs, it can therefore be “corrected” and should not be considered a measurement uncertainty. This is also the process suggested by the GUM [6] for systematic errors
	B.2.22
systematic error
mean that would result from an infinite number of measurements of the same measurand carried out under
repeatability conditions minus a true value of the measurand
NOTE 1 Systematic error is equal to error minus random error.
NOTE 2 Like true value, systematic error and its causes cannot be completely known.
NOTE 3 For a measuring instrument, see “bias” (VIM:1993, definition 5.25).
[VIM:1993, definition 3.14]
Guide Comment: The error of the result of a measurement (see B.2.19) may often be considered as arising
from a number of random and systematic effects that contribute individual components of error to the error of
the result. Also see the Guide Comment to B.2.19 and to B.2.3.
B.2.23
correction
value added algebraically to the uncorrected result of a measurement to compensate for systematic error
NOTE 1 The correction is equal to the negative of the estimated systematic error.
NOTE 2 Since the systematic error cannot be known perfectly. the compensation cannot be complete.


[bookmark: _Ref141681500][bookmark: _Ref140235227]Proposal 1: No longer treat the ‘BER measurement: output level step resolution’ as a measurement uncertainty but instead correct the TRS results by the mean error, i.e., - 0.5* EIS search step size and note the correction in the test report. 
This proposal would result in better reported TRS results with respect to the measured TRS, i.e., it is favourable to OEMs. On the other hand, the elimination of this MU element and thus the reduction in MU would benefit industry overall. A CR with the proposed changes to [7] is in [8]. In [9], it is suggested to take digital error rate uncertainties into account in the random uncertainty so that uncertainties related to the BER/PER/BLER are accounted.
[bookmark: _Ref141681542]

[bookmark: _Ref142660827]Observation 3: Proposal 1 would result in better reported TRS results with respect to the measured TRS and the elimination of this MU element and thus the reduction in MU would benefit industry overall
It is furthermore proposed not to adjust the existing TRS requirements defined already.
[bookmark: _Ref141681543]Proposal 2: Keep the existing TRS requirements as is and not adjust them. 
Conclusion
Observation 1: In CTIA, it was observed that the MU for EIS search step size is asymmetrical but has been treated as symmetrical in CTIA and 3GPP.
Observation 2: The mean error related to the EIS sensitivity search step size is device independent and corresponds to 0.5*search step size.
Observation 3: Proposal 1 would result in better reported TRS results with respect to the measured TRS and the elimination of this MU element and thus the reduction in MU would benefit industry overall
Proposal 1: No longer treat the ‘BER measurement: output level step resolution’ as a measurement uncertainty but instead correct the TRS results by the mean error, i.e., - 0.5* EIS search step size and note the correction in the test report.
Proposal 2: Keep the existing TRS requirements as is and not adjust them.
References
[1] [bookmark: _Ref140066316]TR 38.834, Measurements of User Equipment (UE) Over-the-Air (OTA) performance for NR FR1; Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test methodology
[2] [bookmark: _Ref140066700]TS 37.544, User Equipment (UE) Over The Air (OTA) performance; Conformance testing
[3] [bookmark: _Ref140067532]TS 38.161, User Equipment (UE) TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements; Range 1 Standalone and Range 1 Interworking operation with other radios
[4] [bookmark: _Ref129895338][bookmark: _Ref129935947]CTIA 01.70, Test Plan for Wireless Device Over-the-Air Performance, Measurement Uncertainty, Version 4.0.x
[5] [bookmark: _Ref140068929]R5-233678, Test Time Reduction using Coarser TRP/TRS Measurement Grids for above and below 3 GHz, Keysight Technologies, CAICT, 3GPP TSG-RAN5 Meeting #99, May 2023
[6] [bookmark: _Ref140235741]JCGM 100:2008, Evaluation of measurement data — Guide to the expression of uncertainty in measurement
[7] [bookmark: _Ref142646995][bookmark: _Ref140241520]TS 38.561, User Equipment (UE) conformance specification; UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC)
[8] [bookmark: _Ref142647003]R5-235195, pCR with TRP/TRS MU Updates, Keysight Technologies, 3GPP TSG-RAN5 Meeting #100, August 2023
[9] [bookmark: _Ref142660607]R5-235194, General TRP/TRS MU Views, Keysight Technologies, 3GPP TSG-RAN5 Meeting #100, August 2023
Page 2 of 2

Page 2 of 2


image1.emf
Mean of Measurement Distribution

Measurement Distribution

TRS

Expected/Reference Value

PDF

Mean Error


