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1. Introduction

This document is a revision to R4-154878 due to modifications made to the reported results for RTS.
As part of the 3GPP harmonization measurement campaign it was agreed to use ADTF as the primary mechanism for determining the accuracy of the four test methods towards the calculation of a measurement uncertainty to be used in setting the limits for the harmonization decision process. This paper presents an analysis of historical ADTF data in [1] and an analysis of the RTS ADTF data from the current harmonization campaign.
2. Historical ADTF results
ADTF was used in [1] as part of the process for validating the accuracy of proposed test methods. It is useful to review the range of ADTF values that was achieved at that time which gives an indication of the maturity of the test methods. This review is also necessary since the agreed process for estimating MU in [2] stated:
The difference between ADTF conducted and OTA measurements shall be no higher than observed for B13 in the previous WI for the criteria B to determine test methodology validation.
Therefore in order to correctly apply this upper limit it is necessary to establish the range of ADTF results in [1]. It is also noted that the maturity of test systems at that time was lower than today and so the expectation is that the ADTF results from the current campaign will be a lot lower than the upper limit agreed in [2] using the data from [1].

The following spreadsheet summarizes the 54 ADTF results from [1] and computes the provisional MU bound as defined in [2] for these historical figures. There are 18 ADTF results in section 9.3.1.7 “roof of concept” and 36 results from section 10 used for criteria B so this has statistical significance.
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For the proof of concept measurements in Section 9 is the worst case ADTF offset was -2.3 dB in Figure 9.3.1.7.3-1. For the section 10 results used for criteria B the worst case ADTF offset was 2.3 dB in Figure 10.2.2-4.

Restricting section 10 to just the UMa results then the largest ADTF is either -2.1 dB or -2.25 dB depending on whether the bad/good or nominal antenna is chosen. Using the currently agreed nominal antenna this gives an MU bound using the formula in [2] of +/- 2.25 dB (which excludes any repeatability additions as [1] had only single measurements compared to the 5 required in the current campaign).
Looking at the linearity of the test methods across different antennas, the least linear set of results with a spread of 3.7 dB is in figure 10.2.2-4. This indicates that basing MU from ADTF on a single antenna pattern underestimates the actual accuracy of the test system.
3. New ADTF analysis for two-stage method
Results are presented here for B7 using the Samsung S4 and for B13. Ideally B13 ADTF would have been done using the cabled Motorola 1080 since the other 1080 was used for OTA testing. However, the cabled 1080 was supplied without the app needed to enable the two-stage method and so an alternative B13 phone small enough to fit in the enclosure was used. Tis phone was a Motorola RAZR Maxx (model 04VA 34624). The use of a different phone is not critical to the principle of ADTF since the primary metric is the difference between conducted and radiated results, and the absolute performance of the phone is not material.
Five measurements were made for conducted and radiated for Uma and UMi channel models. The summary results for cabled minus OTA, averaged across all 12 azimuth angles for all three outage levels were:
Table 1. B13 ADTF results cabled minus OTA
	
	UMi
	UMa

	Outage
	70%
	90%
	95%
	70%
	90%
	95%

	Run 1
	0.00 
	-0.04 
	-0.09 
	0.05 
	0.00 
	-0.20 

	Run 2
	0.13 
	0.19 
	0.14 
	0.27 
	0.19 
	0.22 

	Run 3
	-0.20 
	-0.28 
	-0.37 
	0.34 
	0.19 
	0.18 

	Run 4
	-0.18 
	-0.21 
	-0.33 
	-0.10 
	-0.15 
	-0.09 

	Run 5
	-0.27 
	-0.39 
	-0.44 
	-0.20 
	-0.47 
	-0.30 

	Average
	-0.10 
	-0.15 
	-0.22 
	0.07 
	-0.05 
	-0.04 

	Spread
	0.4
	0.58
	0.58
	0.44
	0.66
	0.52


Table 2. B7 ADTF results cabled minus OTA

	
	UMi
	UMa

	Outage
	70%
	90%
	95%
	70%
	90%
	95%

	Run 1
	0.73
	0.70
	0.62
	0.75
	0.71
	0.69

	Run 2
	0.50 
	0.38 
	0.46 
	0.52 
	0.60 
	0.44 

	Run 3
	0.56 
	0.33 
	0.38 
	0.53 
	0.54 
	0.39 

	Run 4
	0.52 
	0.34 
	0.40 
	0.48 
	0.48 
	0.29 

	Run 5
	0.60 
	0.39 
	0.48 
	0.55 
	0.44 
	0.35 

	Average
	0.58 
	0.43 
	0.47 
	0.56 
	0.55 
	0.43 

	Spread
	0.23
	0.37
	0.24
	0.27
	0.27
	0.4


It can be seen from these results that as expected they are significantly lower than the historical results in [1]. The slightly larger offset for B7 was most likely due to a higher cable loss since the spread of results is actually lower than for B13.
Note that these ADTF results use the antenna pattern measured by the first stage as agreed in [2] and not the CTIA-supplied patterns.
For the purposes of the harmonization MU bound calculation, the analysis of the ADTF data is different. The MU bound in [2] is defined as the addition of the spread of conducted results “a” plus the spread in radiated results “b”. Using the revised RTS results which corrected for an error in Uma/UMi scaling, the MU bound analysis for RTS is as follows:

Table 3. B13 MU bound analysis for RTS
	 Band 13
	Run
	UMi
	UMa

	
	
	70%
	90%
	95%
	70%
	90%
	95%

	2-stage OTA
	1
	-101.87
	-100.29
	-99.53
	-96.73
	-94.85
	-93.66

	
	2
	-102.15
	-100.61
	-99.85
	-97.04
	-95.16
	-94.08

	
	3
	-101.94
	-100.34
	-99.61
	-97.20
	-95.28
	-94.26

	
	4
	-101.86
	-100.24
	-99.50
	-96.72
	-94.87
	-93.90

	
	5
	-101.92
	-100.32
	-99.61
	-96.78
	-94.93
	-93.86

	
	Spread
	0.29
	0.37
	0.35
	0.47
	0.43
	0.60

	2-stage cable 
	1
	-101.87
	-100.32
	-99.62
	-96.68
	-94.85
	-93.87

	
	2
	-102.02
	-100.42
	-99.71
	-96.78
	-94.96
	-93.85

	
	3
	-102.14
	-100.62
	-99.97
	-96.86
	-95.09
	-94.08

	
	4
	-102.04
	-100.45
	-99.82
	-96.83
	-95.02
	-94.00

	
	5
	-102.19
	-100.71
	-100.04
	-96.98
	-95.40
	-94.17

	
	Spread
	0.31
	0.38
	0.42
	0.30
	0.55
	0.32

	MU bound a + b
	0.60
	0.75
	0.78
	0.77
	0.98
	0.91


Table 4. B7 MU bound analysis for RTS
	Band 7 
	Run
	UMi
	UMa

	
	
	70%
	90%
	95%
	70%
	90%
	95%

	2-stage OTA
	1
	-99.16
	-97.64
	-96.79
	-93.41
	-91.55
	-90.43

	
	2
	-99.00
	-97.35
	-96.66
	-93.18
	-91.42
	-90.21

	
	3
	-99.07
	-97.34
	-96.60
	-93.21
	-91.39
	-90.14

	
	4
	-99.05
	-97.35
	-96.61
	-93.18
	-91.40
	-90.16

	
	5
	-99.09
	-97.38
	-96.68
	-93.24
	-91.37
	-90.18

	
	Spread
	0.16
	0.31
	0.19
	0.23
	0.18
	0.29

	2-stage cable 
	1
	-98.43
	-96.95
	-96.16
	-92.65
	-90.84
	-89.74

	
	2
	-98.50
	-96.98
	-96.20
	-92.65
	-90.82
	-89.76

	
	3
	-98.51
	-97.01
	-96.22
	-92.68
	-90.85
	-89.75

	
	4
	-98.53
	-97.01
	-96.21
	-92.71
	-90.92
	-89.87

	
	5
	-98.49
	-96.99
	-96.20
	-92.69
	-90.93
	-89.83

	
	Spread
	0.10
	0.06
	0.05
	0.06
	0.11
	0.14

	MU bound a + b
	0.26
	0.37
	0.24
	0.29
	0.29
	0.43


In addition to these results which are averaged by azimuth, the raw data also allows analysis for any individual azimuth angle. As an example, Figure 1 shows the results for B13 Uma at azimuth angle 0.
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Figure 1. Individual ADTF resutls for B13 UMa at azimuth angle 0

It can be seen from this graph that at a single azimuth angle the ten conducted and radiated results lie within +/- 0.3 dB at the 70% outage point.

4. Conclusions
This paper provides provisional ADTF analysis for the historical data in TR 37.977 [1] used to set an upper limit, and of the available data from the current harmonization campaign which is currently for the radiated two stage method.
The ADTF results for the radiated two stage method using the UE-measured pattern averaged for azimuth and at 70% outage show an average error over the five runs of -0.1 dB / 0.07 dB for B13 UMi/UMa and 0.58 dB / 0.56 dB for B7 UMi/UMa. The peak error was 0.75 dB.
The harmonization MU bound calculation at 70% for B13 UMi = 0.6 dB, UMa = 0.77 dB. For band 7 UMi = 0.26 dB, UMa = 0.29 dB.

Furthermore, Figure 1 shows an example of the stability of the ADTF results across individual azimuth angles. In this example all conducted and radiate results fall within 0.3 dB.
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		Proof of concept @ 70%																												Spread		Peak		Bias		MU bound

				37.977 Fig.		UMi / Short 						UMa / long						UMa/B						NIST

						Bad		Nom		Good		Bad		Nom		Good		Bad		Nom		Good		Bad		Nom		Good

		MPAC (M)		9.3.1.7.1-1		0.7				0.3						-1.15														1.85		-1.15		-0.05		-2.3

		TS (corr)		9.3.1.7.1-3		0.3		-1.2		0.45																				1.65		-1.2		0.15		-2.4

		TS (corr)		9.3.1.7.1-4														-1.45		-0.45		-0.3								1		-1.45		-0.73		-2.9

		RC		9.3.1.7.2-1																				1.15		0.8		0.45		0.7		1.15		0.8		2.3

		RC+CE		9.3.1.7.3-1		-2.3		-1.8		-1.4																				0.9		-2.3		-1.83		-4.6

		RC+CE		9.3.1.7.3-2								-1.75		-1.4		-1.3														0.45		-1.75		-1.48		-3.5





		Criteria B @ 70%

		MPAC (S)		10.2.2-1		-0.2		-0.65		-1.65																				1.45		-1.65		-0.83		-3.3

		MPAC (S)		10.2.2-2														0.15		-0.15		-1.15								1.3		-1.15		-1.15		-2.3

		MPAC (I)		10.2.2-3								1.15		0		-2.1														3.25		-2.1		-0.32		-4.2

		MPAC (I)		10.2.2-4														-1.4		0.85		2.3								3.7		2.3		0.58		4.6

		RC (E)		10.2.3-1 (3-2, 3-3, 3-4)																				0.65		0		-0.1		0.75		0.65		0.18		1.3

		RC (B)		10.2.3-1 (3-2, 3-3, 3-4)																				1.1		0.7		0.45		0.65		1.1		0.75		2.2

		RC + CE (A)		10.2.3-5 (3-6, 3-7, 3-8)		-2.15		-1.3		-0.7																				1.45		-2.15		-1.38		-4.3

		RC + CE (B)		10.2.3-5 (3-6, 3-7, 3-8)		-2.25		-1.75		-1.4																				0.85		-2.25		-1.8		-4.5

		RC + CE (A)		10.2.3-9 (3-10, 3-11, 3-12)								-2.1		-2.25		-1.2														1.05		-2.25		-1.85		-4.5

		RC + CE (B)		10.2.3-9 (3-10, 3-11, 3-12)								-1.45		-1.7		-0.75														0.95		-1.45		-1.3		-2.9

		TS		10.2.4-2		0.3		0		0.3																				0.3		0.3		0.2		0.6

		TS		10.2.4-3														-0.3		-0.8		-1.2								0.9		-1.2		-0.76		-2.4

		Worst UMa										-2.1		-2.25		-2.1







Sheet2

		MPAC cond. (I S)		10.2.2-5																																		Bad		Nom		Good

		MPAC cond. (I S)		10.2.2-6																																		0		-1.1		-0.15

		MPAC OTA (I S)		10.2.2-7																																		0		0.85		2.35

		MPAC OTA (I S)		10.2.2-8																																		-2.15		-2.1		0.15





Sheet3






