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1. Introduction

As proposed in [1] the CTIA reference antennas and reference devices are provided for evaluating the proposed MIMO OTA test methodologies. This contribution submits the two-stage test results for the Band 13 reference antennas. Both controlled SINR and UE noise limited results are provided using SCME Umi, SCME Uma and single cluster SCME Umi channel models. 
2. Measurement Setup and Process
2.1 Reference device and reference antenna 
Due to the broken connector on the Samsung handset as shipped to Agilent, only the measurements on one HTC handset with reference antennas were tested. Table 1 provides the CTIA ID number for the reference handset and antennas.
Table 1. CTIA Reference Devices and Matched Reference Antennas
	
	Model
	CTIA ID number
	Band 

	HTC handset
	ADR6425LVW
	MOSG-RD-13-03
	Band 13

	Reference antenna
	
	SN019
	Band 13


2.2 Test Procedure

All the test configurations strictly follow the requirements in [1], including eNodeB configuration, channel models, and Base station antenna configuration with the modified 15 degree angle of departure. 
Since the HTC device supports non-intrusive antenna pattern measurement, the Band 13 reference antenna pattern was measured utilizing this device’s antenna pattern measurement capability. The throughput measurements were carried out in the second stage test using a cable connection.
2.3 SNR definition  
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Figure 1 Two stage method implementation of SNR

The SNR definition used for the results presented here is an omnidirectional model i.e. uniform noise power from all angles. For ease of implementation, the AWGN is added after the antenna pattern is applied; however, the level of the AWGN is adjusted to take account of the average antenna gain. This is equivalent to applying the unadjusted AWGN after the fading but before the antenna pattern. The AWGN is uncorrelated per antenna. 
3. Test Results
3.1 Test conditions 
All the tests in this contribution strictly follow the requirements in test plan [1]. To avoid any unwanted interference, the second stage cable-connected throughput measurements were carried out in a shielded box. All tests are divided into three groups:
1. Conducted MIMO performance without channel impairments
For this test the static propagation channel matrix [image: image3.png]L 2



 is applied, and no AWGN is added.
2. Conducted baseline MIMO performance with channel impairments
For this test the SCME Uma/Umi channel models are applied, with no correlation on the Rx side. The emulated base station correlation conforms to the recommended base station antenna pattern configuration in section 3.3 of [1].
3. Radiated MIMO performance
For this test the SCME Uma/Umi, and single cluster Umi channel models are applied. For the SCME Uma channel model, both the original SCME Uma channel model (marked as Uma MC/A in Table 3.2.2-A in [1]) and the modified version with the mean AoD rotated by -15 degrees (marked as Uma MC/B in Table 3.2.2-B in [1]) are used. For the single cluster Umi channel model, the cluster AS at the AoA is 35 degrees. The Base Station antenna configuration suggested in section 3.3 of [1] is used for the Tx side, and the measured reference antenna pattern is used for the Rx side.
3.2 UE noise limited test results
Figures 2 to 5 show the results for the HTC handset with B13 reference antennas for the UE noise-limited test cases, using the eNB configuration according to Table 3.1.1-B of [1] which is TM3, 64QAM modulation and 10 MHz transmission bandwidth. 
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Figure 2. Cable conducted MIMO performance with static, Umi and Uma channel impairments
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Figure 3. Radiated MIMO performance for Band 13 reference antenna with multi-cluster and single-cluster Umi channel models
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Figure 4. Radiated MIMO performance for Band 13 reference antenna with original multi-cluster Uma and modified multi-cluster Uma channel models
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Figure 5. UE noise limited test results summary
3.3 SNR controlled test results
Figures 6 to 9 show the results for the HTC handset with B13 reference antenna for the SNR controlled test cases. The, eNB configuration follows Table 3.1.1-A of [1] which is TM3, 64QAM modulation and 10 MHz transmission bandwidth.
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Figure 6. Conducted MIMO performance with Umi/Uma channel impairments
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Figure 7 Radiated MIMO performances with matched Band 13 reference antenna under multi-cluster and single-cluster Umi channel models
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Figure 8 Radiated MIMO performances with Band 13 reference antenna under original multi-cluster Uma and modified multi-cluster Uma channel models
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Figure 9 SNR controlled test results summary
3.4 Results analysis 
Table 2. Summary of results at 70% throughput

	Channel model
	Uma
	Uma Mod
	Umi MC
	Umi SC

	
	Abs.
	Vs. cond.
	Rel.
	Abs.
	Vs. cond.
	Rel.
	Abs.
	Vs. cond.
	Rel.
	Abs.
	Vs. cond.
	Rel.

	Radiated
sensitivity
	Good
	-92.7
	10.1
	0
	-96.1
	6.7
	0
	-100.3
	2
	0
	-99.2
	3.1
	0

	
	Nom
	-89.2
	13.6
	-3.5
	-94.7
	8.1
	-1.4
	-97.2
	5.1
	-3.1
	-96.2
	6.1
	-3

	
	Bad
	
	
	
	-86.8
	16
	-9.3
	-90.6
	11.7
	-9.7
	-88
	14.3
	-11.2

	Radiated SINR
	Good
	20.8
	6.2
	0
	19.9
	5.3
	0
	14
	-1
	0
	15
	0
	0

	
	Nom
	24.8
	10.2
	-4
	20.3
	5.7
	-0.4
	15.8
	0.8
	-1.8
	16.5
	1.5
	-1.5

	
	Bad
	
	
	
	24.4
	9.8
	-4.5
	21.8
	6.8
	-7.8
	23.8
	8.8
	-8.8


Reference sensitivity performance analysis
The performance from testing with fixed rank 2 at reference sensitivity (no added AWGN) will be a combination of the impact of any antenna gain, antenna gain imbalance and antenna correlation. It will not be possible to directly attribute performance differences to specific antenna characteristics, however it is known that the overall efficiency of the nominal and bad antennas is -2.3 dB and -3.7 dB relative to the good antenna so, following device rotation and excluding any complications due to the channel model these differences would be expected to contribute similarly to the overall measured performance.

The reference antennas have no significant gain imbalances so the remaining difference between conducted and radiated performance will be due to the correlation which from good to bad are around 0.05, 0.6 and 0.9. The impact of these correlation differences is harder to predict due to the additional eNB transmit correlation and channel model characteristics.
The following observations can be made.
1. For the conducted test which excludes the antenna, there is little difference between the channel models with Uma being just 0.5 dB better than Umi.
2. The largest difference between good and bad antennas is 11.2 dB seen with single cluster UMi.

3. MC Umi reduces this difference to 9.7 dB which is consistent with expectations when using a multi-cluster (MC) signal which has a wider overall angle of arrival.
4. A similar spread of 9.3 dB was seen with the modified (easier) Uma channel however, this also caused the nominal result to be just 1.4 dB worse than the good antenna. For the other three channel models the nominal reference sensitivity is more differentiated at around 3 dB worse than the good antenna.

5. As expected, the bad antenna using the unmodified Uma channel failed to reach 70% of the R35 throughput.

6. The average difference in three channel models with results for the good and bad antennas was 10 dB.

Controlled SINR

The performance from testing with fixed rank 2 at high power (-60 dBm) with added noise will include the impact of antenna correlation but exclude the impact of antenna gain and antenna gain imbalance (assuming the receiver equalizes the received levels between the antennas). IN any case for this report the reference antennas are balanced.
1. For the conducted test which excludes the antenna, there is little difference between the channel models with Uma being just 0.4 dB better than Umi.

2. The largest difference between good and bad antennas was 8.8 dB seen with single cluster Umi.

3. MC Umi reduces this difference to 7.8 dB which is consistent with expectations when using a MC signal which has a wider overall angle of arrival.

4. With the modified Uma the good bad spread dropped significantly to 4.5 dB with the nominal results being just 0.4 dB below the good antenna.
5. As expected, the bad antenna using the unmodified Uma channel failed to reach 70% of the R35 throughput.

6. The average difference in three channel models with results for the good and bad antennas was 7 dB.

4. Conclusions
This contribution presents results from measurements on one set of the MOSG reference antennas and handset using the two-stage method. The test setup and procedure was aligned with the settings and configurations specified in the test plan [1]. 
1. Both the radiated sensitivity and controlled SINR tests show significant performance differences between the B13 reference antennas for most environments except the modified Uma which had more difficulty separating the good and nominal antennas
2. The good/bad spread for the reference sensitivity results of 10 dB is seen to be 3 dB higher than the 7 dB seen for the controlled SINR results which exclude antenna efficiency. Given that the good/bad efficiency difference is 37 dB this is an expected result and suggests that it is correlation differences that are dominating both sets of results. 
3. From these results it is not possible to conclude how the different antennas would perform in real network conditions since at low power, forced rank 2 operation is expected to provide lower throughput than rank 1 (transmit diversity with UE in receive diversity). In such UE Rx diversity conditions, high antenna correlation is desirable therefore it is not possible to extrapolate fixed rank 2 performance where antenna de-correlation is desirable to what would be seen in rank 1.

4. To fully characterize the radiated performance of the UE it is recommended to test at lower power (assumed rank 1) to measure the impact of self-interference, antenna gain, antenna gain imbalance and antenna correlation, and also to measure at high power with controlled SINR to measure the impact of antenna de-correlation.
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		-76.5		-96.42		33.24								-75.5		-93.56		33.1						-66.5		-83.76		33.74

		-77		-96.92		32.84								-76		-94.06		32.59						-67		-84.26		33.37

		-77.5		-97.42		31.79								-76.5		-94.56		31.5						-67.5		-84.76		32.99

		-78		-97.92		30.4								-77		-95.06		30.45						-68		-85.26		32.26

		-78.5		-98.42		28.43								-77.5		-95.56		28.07						-68.5		-85.76		31.57

		-79		-98.92		25.82								-78		-96.06		25.38						-69		-86.26		29.98

		-79.5		-99.42		23.48								-78.5		-96.56		22.89						-69.5		-86.76		28.35

		-80		-99.92		19.11								-79		-97.06		19.15						-70		-87.26		27.32

		-80.5		-100.42		16.57								-79.5		-97.56		15.32						-70.5		-87.76		26.76

		-81		-100.92		13.27								-80		-98.06		12.21						-71		-88.26		23.56

		-81.5		-101.42		10.22								-80.5		-98.56		8.85						-71.5		-88.76		20.59

		-82		-101.92		8.63								-81		-99.06		8.05						-72		-89.26		17.09

		-82.5		-102.42		7.78								-81.5		-99.56		7.3						-72.5		-89.76		14.99

		-83		-102.92		5.35																		-73		-90.26		11.64

																								-73.5		-90.76		8.36

				Uma MC/B, good								Uma MC/B, nominal										Uma MC/B, bad

		power				throughput		calibration		power				throughput		calibration				power				throughput		calibration

		-67		-87.92		35.027		-3.876		-66		-84.25		35.06		-6.55				-60		-77.47		33.91		-7.33

		-68		-88.92		35				-67		-85.25		35.05						-61		-78.47		33.6

		-69		-89.92		34.91				-68		-86.25		35.02						-62		-79.47		33.52

		-70		-90.92		34.65				-69		-87.25		34.95						-63		-80.47		33.11

		-71		-91.92		34.35				-70		-88.25		34.89						-64		-81.47		32.7

		-72		-92.92		33.28				-71		-89.25		34.64						-65		-82.47		32

		-73		-93.92		31.57				-72		-90.25		34.15						-66		-83.47		31.7

		-74		-94.92		29.638				-73		-91.25		33.29						-67		-84.47		29.96

		-75		-95.92		25.784				-74		-92.25		31.51						-68		-85.47		27.84

		-76		-96.92		21.47				-75		-93.25		29.32						-69		-86.47		26.2

		-77		-97.92		14.96				-76		-94.25		26.39						-70		-87.47		22.27

		-78		-98.92		9.418				-77		-95.25		21.53						-71		-88.47		17.94

										-78		-96.25		15.52						-72		-89.47		12.9

										-79		-97.25		9.47						-73		-90.47		7.98
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								Main antenna S11																						Sub antenna S11

		Frequency		S11				reject factor				power loss

		745.5		-11.5				0.0707945784				-0.3188826492

		746.5		-10.8				0.0831763771				-0.377142052

		747.5		-10.2				0.0954992586				-0.4359107282

		748.5		-9.8				0.1047128548				-0.4803765119

		749.5		-9.7				0.1071519305				-0.4922243607

		750.5		-9.38				0.1153453258				-0.5322622348

		751		-9.85				0.1035142167				-0.4745659318

		751.5		-9.3				0.1174897555				-0.5428024446

		752.5		-9.25				0.1188502227				-0.5495026422

		753.5		-9.25				0.1188502227				-0.5495026422

		754.5		-9.63				0.1088930093				-0.5007014931

		755.5		-9.6				0.1096478196				-0.5043817342

		745.5		-8				0.1584893192				-0.7494036743

		746.5		-5.65				0.2722701308				-1.3802979938

		747.5		-5.3				0.2951209227				-1.5188538024

		748.5		-5.8				0.2630267992				-1.3254830448

		749.5		-6.48				0.2249054606				-1.1064532273

		750.5		-7.35				0.1840772001				-0.8835093093

		751		-7.72				0.1690440932				-0.8042202065

		751.5		-8.35				0.1462177174				-0.6865286179

		752.5		-8.3				0.1479108388				-0.6951495901

		753.5		-6.5				0.2238721139				-1.1006671216

		754.5		-5.4				0.2884031503				-1.4776598325

		755.5		-5.5				0.2818382931				-1.4377775562
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		Conducted Umi MC								Umi MC, good								Umi MC, nominal								Umi MC, bad

		SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration

		21		35.125		-3.609				21		35.103		-5.192				21		35.05		-6.74484				27		35.04		-7.53501

		20		35.089						20		34.942						20		34.84						26		34.96

		19		35.067						19		35.03						19		34.47						25		34.57

		18		34.87						18		34.73						18		32.97						24		33.64

		17		33.961						17		34.09						17		32.2						23		31.11

		16		31.273						16		32.785						16		26.63						22		26.6

		15		25.548						15		29.71						15		19.34						21		20.39

		14		16.692						14		24.387						14		11.93						20		12.71

		13		8.049						13		17.54						13		6.33						19		6.51

		12		2.453						12		10.33						12		2.39

		11		0.613

		10		0.084

		Conducted Uma								Uma MC/A, good								Uma MC/A, nominal								Uma MC/A,bad

		SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration

		20		35.087		-7.95				26		34.96		-4.01				30		33.72		-6.55				30		17.42		-7.53

		19		35.118						25		34.76						29		33.17						29		15.46

		18		35.064						24		34.13						28		32.65						28		12.07

		17		34.491						23		32.84						27		31.38						27		9.68

		16		33.071						22		30.7						26		29.17						26		5.69

		15		28.568						21		26.26						25		25.69						25		2.875

		14		19.6						20		20.37						24		21.94

		13		10.824						19		13.43						23		16.97

		12		4.594						18		7.07						22		11.86

		11		1.054						17		3.42						21		6.99

		10		0.155						16		1.004

		Umi SC, good								Umi SC, nominal								Umi SC, bad

		SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration

		23		35.1		-4.88				25		35.1		-6.74				30		34.95		-7.543

		22		35.1						24		35.1						29		34.89

		21		35.07						23		35.08						28		34.64

		20		34.992						22		35.06						27		34.16

		19		34.753						21		34.94						26		33.12

		18		34.04						20		34.42						25		30.62

		17		32.43						19		33.45						24		26.54

		16		29.54						18		31.06						23		20.23

		15		25.43						17		27.66

		14		20.32						16		22.12

		13		14.89						15		15.92

		12		8.67						14		10.07

		11		4.44						13		5.26

		10		1.94						12		2.01

				Uma MC/B, good								Uma MC/B, nomial										Uma MC/B, bad

				SNR				throughput		calibration		SNR				throughput		calibration				SNR				throughput		calibration

				25				34.68		-3.876		26				34.77		-6.55				30				34.28		-7.33

				24				34.31				25				34.49						29				34.04

				23				33.52				24				33.89						28				33.29

				22				31.98				23				33.05						27				32.15

				21				29.39				22				31.44						26				30.16

				20				25.71				21				27.98						25				27.27

				19				20.58				20				23.72						24				22.8

				18				15.31				19				19.2						23				16.57

				17				9.89				18				13.41						22				10.51

												17				8.42						21				6.31

																						20				2.85
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		Static channel

		ESG Power		CalPower		Throughput

		-84		-108.8		35.1

		-84.5		-109.3		35.08

		-85		-109.8		35.089

		-85.5		-110.3		35.086

		-86		-110.8		35.046

		-86.5		-111.3		31.673

		-87		-111.8		0.143

		Conducted Umi												Umi MC, good										Umi MC, nominal										Umi MC, bad

		ESG Power		CalPower		Throughput		Calibration						ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration

		-72		-96.8		35.087		-3.609						-72		-91.61		35.09		-5.19275										-6.74484				-68		-85.27		35.02		-7.53501

		-72.5		-97.3		35.12								-72.5		-92.11		35.083																-68.5		-85.77		34.99

		-73		-97.8		35.11								-73		-92.61		35.083																-69		-86.27		34.87

		-73.5		-98.3		34.94								-73.5		-93.11		35.083																-69.5		-86.77		34.77

		-74		-98.8		34.98								-74		-93.61		35.07						-74		-92.06		34.99						-70		-87.27		34.6

		-74.5		-99.3		34.85								-74.5		-94.11		35.06						-74.5		-92.56		34.97						-70.5		-87.77		34.04

		-75		-99.8		34.465								-75		-94.61		35.04						-75		-93.06		34.84						-71		-88.27		33.71

		-75.5		-100.3		33.81								-75.5		-95.11		35.04						-75.5		-93.56		34.72						-71.5		-88.77		33.11

		-76		-100.8		33.72								-76		-95.61		34.97						-76		-94.06		34.4						-72		-89.27		31.64

		-76.5		-101.3		32.395								-76.5		-96.11		34.88						-76.5		-94.56		34.15						-72.5		-89.77		29.6

		-77		-101.8		29.84								-77		-96.61		34.65						-77		-95.06		33.4						-73		-90.27		26.89

		-77.5		-102.3		28.84								-77.5		-97.11		34.39						-77.5		-95.56		31.97						-73.5		-90.77		23.7

		-78		-102.8		25.12								-78		-97.61		33.95						-78		-96.06		30.87						-74		-91.27		20.27

		-78.5		-103.3		19.54								-78.5		-98.11		33.21						-78.5		-96.56		28.02						-74.5		-91.77		18.98

		-79		-103.8		15.38								-79		-98.61		32.01						-79		-97.06		25.27

		-79.5		-104.3		12.14								-79.5		-99.11		29.97						-79.5		-97.56		23.82

		-80		-104.8		10.52								-80		-99.61		27.5						-80		-98.06		20.647

		-80.5		-105.3		6.46								-80.5		-100.11		26.05						-80.5		-98.56		18.3

		-81		-105.8		3.27								-81		-100.61		23.22						-81		-99.06		14.94

		-81.5		-106.3		1.9								-81.5		-101.11		14.59

		-82		-106.8		1.53

		Conducted Uma												Uma MC/A, good										Uma MC/A, nominal										Uma MC/A, bad

		ESG Power		CalPower		Throughput		Calibration						ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration

		-73		-97.8		35.075		-7.9588						-64		-84.79		35.01		-4.01319				-64		-82.24		34.77		-6.55804				-55		-72.26		16.62		-7.53501

		-73.5		-98.3		35.016								-64.5		-85.29		35.01						-64.5		-82.74		34.77						-56		-73.26		16.36

		-74		-98.8		34.8925								-65		-85.79		34.97						-65		-83.24		34.63						-57		-74.26		16.71

		-74.5		-99.3		34.789								-65.5		-86.29		34.91						-65.5		-83.74		34.43						-58		-75.26		15.94
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Sheet1

		Conducted Umi MC								Umi MC, good								Umi MC, nominal								Umi MC, bad

		SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration

		21		35.125		-3.609				21		35.103		-5.192				21		35.05		-6.74484				27		35.04		-7.53501

		20		35.089						20		34.942						20		34.84						26		34.96

		19		35.067						19		35.03						19		34.47						25		34.57

		18		34.87						18		34.73						18		32.97						24		33.64

		17		33.961						17		34.09						17		32.2						23		31.11

		16		31.273						16		32.785						16		26.63						22		26.6

		15		25.548						15		29.71						15		19.34						21		20.39

		14		16.692						14		24.387						14		11.93						20		12.71

		13		8.049						13		17.54						13		6.33						19		6.51

		12		2.453						12		10.33						12		2.39

		11		0.613

		10		0.084

		Conducted Uma								Uma MC/A, good								Uma MC/A, nominal								Uma MC/A,bad

		SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration

		20		35.087		-7.95				26		34.96		-4.01				30		33.72		-6.55				30		17.42		-7.53

		19		35.118						25		34.76						29		33.17						29		15.46

		18		35.064						24		34.13						28		32.65						28		12.07

		17		34.491						23		32.84						27		31.38						27		9.68

		16		33.071						22		30.7						26		29.17						26		5.69

		15		28.568						21		26.26						25		25.69						25		2.875

		14		19.6						20		20.37						24		21.94

		13		10.824						19		13.43						23		16.97

		12		4.594						18		7.07						22		11.86

		11		1.054						17		3.42						21		6.99

		10		0.155						16		1.004

		Umi SC, good								Umi SC, nominal								Umi SC, bad

		SNR		Throughput		Calibration				SNR		Throughput		Calibration				SNR		Throughput		Calibration

		23		35.1		-4.88				25		35.1		-6.74				30		34.95		-7.543

		22		35.1						24		35.1						29		34.89

		21		35.07						23		35.08						28		34.64

		20		34.992						22		35.06						27		34.16

		19		34.753						21		34.94						26		33.12

		18		34.04						20		34.42						25		30.62

		17		32.43						19		33.45						24		26.54

		16		29.54						18		31.06						23		20.23

		15		25.43						17		27.66

		14		20.32						16		22.12

		13		14.89						15		15.92

		12		8.67						14		10.07

		11		4.44						13		5.26

		10		1.94						12		2.01

				Uma MC/B, good								Uma MC/B, nomial										Uma MC/B, bad

				SNR				throughput		calibration		SNR				throughput		calibration				SNR				throughput		calibration

				25				34.68		-3.876		26				34.77		-6.55				30				34.28		-7.33

				24				34.31				25				34.49						29				34.04

				23				33.52				24				33.89						28				33.29

				22				31.98				23				33.05						27				32.15

				21				29.39				22				31.44						26				30.16

				20				25.71				21				27.98						25				27.27

				19				20.58				20				23.72						24				22.8

				18				15.31				19				19.2						23				16.57

				17				9.89				18				13.41						22				10.51

												17				8.42						21				6.31

																						20				2.85
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		Static channel

		ESG Power		CalPower		Throughput

		-84		-108.8		35.1

		-84.5		-109.3		35.08

		-85		-109.8		35.089

		-85.5		-110.3		35.086

		-86		-110.8		35.046

		-86.5		-111.3		31.673

		-87		-111.8		0.143

		Conducted Umi												Umi MC, good										Umi MC, nominal										Umi MC, bad

		ESG Power		CalPower		Throughput		Calibration						ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration

		-72		-96.8		35.087		-3.609						-72		-91.61		35.09		-5.19275										-6.74484				-68		-85.27		35.02		-7.53501

		-72.5		-97.3		35.12								-72.5		-92.11		35.083																-68.5		-85.77		34.99

		-73		-97.8		35.11								-73		-92.61		35.083																-69		-86.27		34.87

		-73.5		-98.3		34.94								-73.5		-93.11		35.083																-69.5		-86.77		34.77

		-74		-98.8		34.98								-74		-93.61		35.07						-74		-92.06		34.99						-70		-87.27		34.6

		-74.5		-99.3		34.85								-74.5		-94.11		35.06						-74.5		-92.56		34.97						-70.5		-87.77		34.04

		-75		-99.8		34.465								-75		-94.61		35.04						-75		-93.06		34.84						-71		-88.27		33.71

		-75.5		-100.3		33.81								-75.5		-95.11		35.04						-75.5		-93.56		34.72						-71.5		-88.77		33.11

		-76		-100.8		33.72								-76		-95.61		34.97						-76		-94.06		34.4						-72		-89.27		31.64

		-76.5		-101.3		32.395								-76.5		-96.11		34.88						-76.5		-94.56		34.15						-72.5		-89.77		29.6

		-77		-101.8		29.84								-77		-96.61		34.65						-77		-95.06		33.4						-73		-90.27		26.89

		-77.5		-102.3		28.84								-77.5		-97.11		34.39						-77.5		-95.56		31.97						-73.5		-90.77		23.7

		-78		-102.8		25.12								-78		-97.61		33.95						-78		-96.06		30.87						-74		-91.27		20.27

		-78.5		-103.3		19.54								-78.5		-98.11		33.21						-78.5		-96.56		28.02						-74.5		-91.77		18.98

		-79		-103.8		15.38								-79		-98.61		32.01						-79		-97.06		25.27

		-79.5		-104.3		12.14								-79.5		-99.11		29.97						-79.5		-97.56		23.82

		-80		-104.8		10.52								-80		-99.61		27.5						-80		-98.06		20.647

		-80.5		-105.3		6.46								-80.5		-100.11		26.05						-80.5		-98.56		18.3

		-81		-105.8		3.27								-81		-100.61		23.22						-81		-99.06		14.94

		-81.5		-106.3		1.9								-81.5		-101.11		14.59

		-82		-106.8		1.53

		Conducted Uma												Uma MC/A, good										Uma MC/A, nominal										Uma MC/A, bad

		ESG Power		CalPower		Throughput		Calibration						ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration

		-73		-97.8		35.075		-7.9588						-64		-84.79		35.01		-4.01319				-64		-82.24		34.77		-6.55804				-55		-72.26		16.62		-7.53501

		-73.5		-98.3		35.016								-64.5		-85.29		35.01						-64.5		-82.74		34.77						-56		-73.26		16.36

		-74		-98.8		34.8925								-65		-85.79		34.97						-65		-83.24		34.63						-57		-74.26		16.71

		-74.5		-99.3		34.789								-65.5		-86.29		34.91						-65.5		-83.74		34.43						-58		-75.26		15.94

		-75		-99.8		34.64								-66		-86.79		34.78						-66		-84.24		34.3						-59		-76.26		15.7

		-75.5		-100.3		33.6								-66.5		-87.29		34.75						-66.5		-84.74		34.1						-60		-77.26		15.63

		-76		-100.8		33.3								-67		-87.79		34.7						-67		-85.24		33.85						-60.5		-77.76		15.28

		-76.5		-101.3		32.01								-67.5		-88.29		34.39						-67.5		-85.74		33.67						-61		-78.26		15.68

		-77		-101.8		29.17								-68		-88.79		34.1						-68		-86.24		33.1						-61.5		-78.76		14.26

		-77.5		-102.3		25.2								-68.5		-89.29		33.84						-68.5		-86.74		32.46						-62		-79.26		14.54

		-78		-102.8		22.13								-69		-89.79		33.41						-69		-87.24		31.24						-62.5		-79.76		12.95

		-78.5		-103.3		14.7								-69.5		-90.29		32.51						-69.5		-87.74		30.41						-63		-80.26		11.86

		-79		-103.8		11.82								-70		-90.79		32.21						-70		-88.24		28.59						-63.5		-80.76		11.22

		-79.5		-104.3		9.4								-70.5		-91.29		30.59						-70.5		-88.74		27.39

		-80		-104.8		4.36								-71		-91.79		29.07						-71		-89.24		25.07

		-80.5		-105.3		3.72								-71.5		-92.29		26.9						-71.5		-89.74		22.31

		-81		-105.8		0.16								-72		-92.79		24.4						-72		-90.24		19.25

		-81.5		-106.3		0								-72.5		-93.29		22.23						-72.5		-90.74		17.31

														-73		-93.79		19.1						-73		-91.24		13.77

														-73.5		-94.29		15						-73.5		-91.74		11.31

														-74		-94.79		11.33

		Umi SC, good												Umi SC, nominal										Umi SC, bad

		ESG Power		CalPower		Throughput		Calibration						ESG Power		CalPower		Throughput		Calibration				ESG Power		CalPower		Throughput		Calibration
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		-79.5		-99.42		23.48								-78.5		-96.56		22.89						-69.5		-86.76		28.35

		-80		-99.92		19.11								-79		-97.06		19.15						-70		-87.26		27.32

		-80.5		-100.42		16.57								-79.5		-97.56		15.32						-70.5		-87.76		26.76

		-81		-100.92		13.27								-80		-98.06		12.21						-71		-88.26		23.56

		-81.5		-101.42		10.22								-80.5		-98.56		8.85						-71.5		-88.76		20.59

		-82		-101.92		8.63								-81		-99.06		8.05						-72		-89.26		17.09

		-82.5		-102.42		7.78								-81.5		-99.56		7.3						-72.5		-89.76		14.99

		-83		-102.92		5.35																		-73		-90.26		11.64

																								-73.5		-90.76		8.36
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		power				throughput		calibration		power				throughput		calibration				power				throughput		calibration

		-67		-87.92		35.027		-3.876		-66		-84.25		35.06		-6.55				-60		-77.47		33.91		-7.33

		-68		-88.92		35				-67		-85.25		35.05						-61		-78.47		33.6

		-69		-89.92		34.91				-68		-86.25		35.02						-62		-79.47		33.52

		-70		-90.92		34.65				-69		-87.25		34.95						-63		-80.47		33.11

		-71		-91.92		34.35				-70		-88.25		34.89						-64		-81.47		32.7

		-72		-92.92		33.28				-71		-89.25		34.64						-65		-82.47		32

		-73		-93.92		31.57				-72		-90.25		34.15						-66		-83.47		31.7

		-74		-94.92		29.638				-73		-91.25		33.29						-67		-84.47		29.96

		-75		-95.92		25.784				-74		-92.25		31.51						-68		-85.47		27.84

		-76		-96.92		21.47				-75		-93.25		29.32						-69		-86.47		26.2

		-77		-97.92		14.96				-76		-94.25		26.39						-70		-87.47		22.27

		-78		-98.92		9.418				-77		-95.25		21.53						-71		-88.47		17.94

										-78		-96.25		15.52						-72		-89.47		12.9

										-79		-97.25		9.47						-73		-90.47		7.98
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								Main antenna S11																						Sub antenna S11

		Frequency		S11				reject factor				power loss

		745.5		-11.5				0.0707945784				-0.3188826492

		746.5		-10.8				0.0831763771				-0.377142052

		747.5		-10.2				0.0954992586				-0.4359107282

		748.5		-9.8				0.1047128548				-0.4803765119

		749.5		-9.7				0.1071519305				-0.4922243607

		750.5		-9.38				0.1153453258				-0.5322622348

		751		-9.85				0.1035142167				-0.4745659318

		751.5		-9.3				0.1174897555				-0.5428024446

		752.5		-9.25				0.1188502227				-0.5495026422

		753.5		-9.25				0.1188502227				-0.5495026422

		754.5		-9.63				0.1088930093				-0.5007014931

		755.5		-9.6				0.1096478196				-0.5043817342

		745.5		-8				0.1584893192				-0.7494036743

		746.5		-5.65				0.2722701308				-1.3802979938

		747.5		-5.3				0.2951209227				-1.5188538024

		748.5		-5.8				0.2630267992				-1.3254830448

		749.5		-6.48				0.2249054606				-1.1064532273

		750.5		-7.35				0.1840772001				-0.8835093093

		751		-7.72				0.1690440932				-0.8042202065

		751.5		-8.35				0.1462177174				-0.6865286179

		752.5		-8.3				0.1479108388				-0.6951495901

		753.5		-6.5				0.2238721139				-1.1006671216

		754.5		-5.4				0.2884031503				-1.4776598325

		755.5		-5.5				0.2818382931				-1.4377775562
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