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Introduction
In RAN5#100, discussions were held regarding the EIS search procedure and the MU element ‘Sensitivity measurement: output level step resolution’ [1] that resulted in changes of the EIS test procedure and reporting of the TRS results, i.e., “The lab shall correct the TRS results by −0.5·𝑜𝑢𝑡𝑝𝑢𝑡 𝑙𝑒𝑣𝑒𝑙 𝑠𝑡𝑒𝑝 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 of the final power step search and note the correction in the test report” [2][3]. This contribution introduces an alternate EIS search procedure with interpolation that does not necessitate the correction of TRS results. 
[bookmark: _Ref31104997]EIS Search Procedure with Interpolation
Some concerns were raised with the revised EIS search procedure that relies on labs correcting TRS results which triggered the request to study an alternate EIS search procedure with interpolation that would not require the compensation of TRS results. This was captured accordingly in [2][3] with an editor’s note, i.e., 
	A.4.2.6 Sensitivity measurement: output level step resolution 
Editor’s Note: An alternate EIS search procedure with interpolation is not precluded. 
When output power of the communication tester is swept to reach the throughput target that defines the sensitivity threshold, the final power step resolution represents an asymmetric uncertainty contribution that can be corrected since this uncertainty is device and test system independent. The lab shall correct the TRS results by −0.5·𝑜𝑢𝑡𝑝𝑢𝑡 𝑙𝑒𝑣𝑒𝑙 𝑠𝑡𝑒𝑝 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 of the final power step search and note the correction in the test report.



In the following, such alternate procedure is introduced with the interpolation approach derived from sensitivity measurements performed in a Keysight OTA environment. Here, radiated sensitivity measurements with QPSK modulation were performed for a total of 5 DUTs in an anechoic chamber and the throughput was recorded as a function of DL power with a very fine 0.1 dB step size from 100% to ~20% maximum TP. These measurements were performed without having calibrated the measurement path which will be shown not to be necessary for this investigation. The test directions were chosen to be arbitrary, i.e., not necessarily towards the peak direction, as the EIS measurements for TRS are performed in any 3D direction around the DUT. 

Table 1 summarizes the TP measurements as a function of uncalibrated DL power levels with 0.1dB step size. This discretization is a lot finer than necessary for EIS measurements used for TRS as EIS searches in any given direction require a 0.5 dB step size near the sensitivity/EIS threshold. The DL power was subsequently normalized so that the normalized DL power of 0 dB corresponds to 95% maximum TP for each of the 5 TP curves. 
[bookmark: _Ref148548618]Table 1:  Radiated TP measurements for 5 different DUTs with very fine search step size
	DUT1
	DUT2
	DUT3
	DUT4
	DUT5

	Uncalibrated DL Power [dBm]
	Normalized DL Power (0@95%) [dB]
	TP [%]
	Uncalibrated DL Power [dBm]
	Normalized DL Power (0@95%) [dB]
	TP [%]
	Uncalibrated DL Power [dBm]
	Normalized DL Power (0@95%) [dB]
	TP [%]
	Uncalibrated DL Power [dBm]
	Normalized DL Power [dB]
	TP [%]
	Uncalibrated DL Power [dBm]
	Normalized DL Power [dB]
	TP [%]

	-86.4
	0.76
	100.0
	-87.30
	1.02
	100.0
	-89.30
	0.88
	100.0
	-94.7
	0.38
	100.0
	-93.1
	0.8
	100.0

	-86.5
	0.66
	100.0
	-87.40
	0.92
	99.9
	-89.40
	0.78
	99.1
	-94.8
	0.28
	100.0
	-93.2
	0.7
	100.0

	-86.6
	0.56
	100.0
	-87.50
	0.82
	100.0
	-89.50
	0.68
	100.0
	-94.9
	0.18
	99.9
	-93.3
	0.6
	100.0

	-86.7
	0.46
	100.0
	-87.60
	0.72
	99.9
	-89.60
	0.58
	99.4
	-95.0
	0.08
	97.7
	-93.4
	0.5
	100.0

	-86.8
	0.36
	100.0
	-87.70
	0.62
	99.9
	-89.70
	0.48
	99.3
	-95.1
	-0.02
	94.4
	-93.5
	0.4
	100.0

	-86.9
	0.26
	100.0
	-87.80
	0.52
	100.0
	-89.80
	0.38
	100.0
	-95.2
	-0.12
	84.6
	-93.6
	0.3
	100.0

	-87
	0.16
	99.0
	-87.90
	0.42
	99.7
	-89.90
	0.28
	99.9
	-95.3
	-0.22
	61.6
	-93.7
	0.2
	100.0

	-87.1
	0.06
	98.6
	-88.00
	0.32
	99.6
	-90.00
	0.18
	99.6
	-95.4
	-0.32
	37.2
	-93.8
	0.1
	99.8

	-87.2
	-0.04
	92.4
	-88.10
	0.22
	99.4
	-90.10
	0.08
	98.4
	-95.5
	-0.42
	12.2
	-93.9
	0.0
	96.4

	-87.3
	-0.14
	80.2
	-88.20
	0.12
	99.4
	-90.20
	-0.02
	93.9
	 
	 
	 
	-94.0
	-0.1
	87.2

	-87.4
	-0.24
	66.9
	-88.30
	0.02
	96.6
	-90.30
	-0.12
	86.8
	 
	 
	 
	-94.1
	-0.2
	69.4

	-87.5
	-0.34
	34.7
	-88.40
	-0.08
	90.2
	-90.40
	-0.22
	71.9
	 
	 
	 
	-94.2
	-0.3
	45.3

	-87.6
	-0.44
	15.3
	-88.50
	-0.18
	74.3
	-90.50
	-0.32
	43.9
	 
	 
	 
	-94.3
	-0.4
	12.5

	-87.6
	-0.44
	16.7
	-88.60
	-0.28
	59.0
	-90.60
	-0.42
	17.6
	 
	 
	 
	 
	 
	 

	 
	 
	 
	-88.70
	-0.38
	36.1
	-90.60
	-0.42
	18.2
	 
	 
	 
	 
	 
	 

	 
	 
	 
	-88.80
	-0.48
	16.6
	 
	 
	 
	 
	 
	 
	 
	 
	 



Figure 1 shows the TP curves for each of the 5 DUTs as a function of the uncalibrated DL power. The TP curves normalized to where the 95% TP crosses at the DL power normalized to 0 dB are shown in Figure 2. The average of the individual TP curves is shown with the red, bold curve and the polynomial interpolation with order 2, i.e., TP = a2*x2 + a1*x+a0, of that curve is shown with the green dotted curve. This interpolated curve can now be used to estimate EIS values based on two EIS search results, one with a passing (>95% TP) and one with a failing (<95% TP) verdict with the mandatory 0.5 dB step size near the sensitivity threshold. 

[image: ]
[bookmark: _Ref148550648]Figure 1: TP curves for 5 different DUTs as a function of uncalibrated power
[image: ]
[bookmark: _Ref148553034]Figure 2: Normalized TP curves for 5 different DUTs.
Table 2 shows EIS search measurements from each of the 5 DUTs, see Table 1, with one DL power level failing and the other passing while the search step size near the 95% TP sensitivity threshold is 0.5 dB. 
[bookmark: _Ref148553734]Table 2: EIS search measurements from each DUT, one passing, one failing with 0.5 dB search step size near the sensitivity threshold
	Meas. Samples
	DUT 1
	DUT 2
	DUT 3
	DUT 4
	DUT 5

	
	DL Power [dBm]
	TP [%]
	DL Power [dBm]
	TP [%]
	DL Power [dBm]
	TP [%]
	DL Power [dBm]
	TP [%]
	DL Power [dBm]
	TP [%]

	Pass
	-86.7
	100.00
	-88.2
	99.41
	-90.0
	99.65
	-94.9
	99.9
	-93.6
	100.0

	Fail
	-87.2
	92.40
	-88.7
	36.09
	-90.5
	43.91
	-95.4
	37.2
	-94.1
	69.4



Table 3 is tabulating the interpolated EIS based on the sample EIS search measurements in Table 2. The first interpolation approach is based on the simple linearization between the two DL power levels; the second interpolation approach is based on the polynomial interpolation with the coefficients determined from the best-fit curve from the reference measurements, see Figure 2. These interpolations can be compared with the interpolated sensitivities from the very fine search. Clearly, the polynomial interpolation is seen to be very accurate while the simple linear interpolation approach overestimate the EIS by ~0.1-0.25 dB given the non-linear TP behaviour near the sensitivity threshold.  
[bookmark: _Ref148554700]Table 3: Interpolated EIS from EIS search measurements for each DUT with different interpolation approaches.
	Interpolation Approach
	Interpolated EIS [dBm]

	
	DUT 1
	DUT 2
	DUT 3
	DUT 4
	DUT 5

	Linear Interpolation between PASS/FAIL Meas.
	-87.03
	-88.23
	-90.04
	-94.94
	-93.68

	Polynomial Interpolation between PASS/FAIL Meas.
	-87.17
	-88.34
	-90.17
	-95.05
	-93.89

	Interpolation based on fine scan with 0.1dB step size
	-87.16
	-88.33
	-90.18
	-95.08
	-93.92


[bookmark: _Ref148556394]Observation 1: The polynomial interpolation approach based on reference measurements with very fine DL power search step size is shown to estimate EIS very accurately while the linear interpolation overestimates EIS.
Based on this observation, the following two-step alternate EIS search procedure with polynomial interpolation is proposed:
1) Step 1: Polynomial characterization performed using reference measurements inside the anechoic chamber (needs to be performed just once)
a) Record radiated TP as a function of DL power with fine search step size (0.1 dB or less) for a few DUTs (reference measurements)
b) Normalize the TP curves and determine the polynomial coefficients of the averaged, normalized TP curves
c) Record the polynomial coefficients from the reference measurements
2) Step 2: Apply polynomial interpolation from the reference measurements during EIS search for each grid point
a) Apply polynomial interpolation using the polynomial coefficients (from Step 1c) to the two EIS search measurements (one passing, one failing) with 0.5dB step size near the sensitivity threshold
b) Record the interpolated EIS for each grid point
c) Determine TRS from the interpolated EIS measurements
This alternate EIS search procedure will allow a very accurate TRS assessment without the need to correct the TRS result and no additional measurement uncertainty.
[bookmark: _Ref148556395]Proposal 1: It is proposed to adopt the two-step alternate EIS search procedure with polynomial interpolation in [3] without the need to correct the TRS results.
Conclusion
The following observations and proposals were made:
Observation 1: The polynomial interpolation approach based on reference measurements with very fine DL power search step size is shown to estimate EIS very accurately while the linear interpolation overestimates EIS.
Proposal 1: It is proposed to adopt the two-step alternate EIS search procedure with polynomial interpolation in [3] without the need to correct the TRS results.
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