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1. Background
During the first CTIA MIMO OTA Sub-Group (MOSG) meeting; occurred in March 2011Orlando Florida ; it was suggested that to expedite the baseline between laboratories participants of CTIA LTE round robin, a set of MIMO 2x2 reference antennas should be developed. These antennas should be used strictly to baseline MIMO OTA throughput measurements, ruling out the antenna performance among diverse DUTs. 
Knowing the radiated performance or these reference MIMO 2x2 antennas, plus the conducted performance or each DUT, it’ possible to somewhat predict the order of magnitude of each DUT data throughput, therefore later comparing with the DUT stand-alone radiated throughput. The main goal of these reference antennas is baseline round robin measurements results in the initial phase of measurements. Where different test methodologies and test environments are being evaluated. 
Initially CTIA MOSG agreed that this antenna development should have the following guidelines:

i. Initially focusing on single  LTE bands 2, 7 and 13 antennas design;
ii. The reference antennas should be able to clearly represent good, nominal and bad MIMO 2x2 antenna designs;

iii. The design should be simple to enable production in large quantity to supply all RR participants;

iv. Low cost.
2. Antenna FoM results based on production antennas

A set of  industrial prototype antennas were evaluated in a full anechoic chamber. The tables 1 and 2 benchmark the measurement results with preliminary simulation results [1].

Table 1. B2/7/13 Total Antenna Efficiency

[image: image1.emf]1930MHz 1960MHz 1990MHz 1930MHz 1960MHz 1990MHz

Band Antenna Configuration η (%) η (%) η (%) η (%) η (%) η (%)

Simulated "Good" 2x2 MIMO 96.7 95.6 93.5 97.3 97.1 95.9

Measured "Good" 2x2 MIMO 88.5 93.1 95.8 88.6 91.2 94.2

Simulated "Nominal" 2x2 MIMO 59.9 60.4 59.7 58.7 59.7 59.3

Measured "Nominal" 2x2 MIMO 62.9 63.1 60.8 65.9 63.8 62.4

Band Antenna Configuration 2.62GHz 2.655GHz 2.69GHz 2.62GHz 2.655GHz 2.69GHz

Simulated "Good" 2x2 MIMO 91.4 91.2 91.1 90.1 90.1 88.9

Measured "Good" 2x2 MIMO 91.9 93.6 87.9 95.3 89.9 82.2

Simulated "Nominal" 2x2 MIMO 55.5 58.0 59.5 55.8 58.0 59.1

Measured "Nominal" 2x2 MIMO 70.8 69.9 62.1 74.1 63.8 57.9

Band Antenna Configuration 746MHz 751MHz 756MHz 746MHz 751MHz 756MHz

Simulated "Good" 2x2 MIMO 93.6 94.62 94.46 93.61 94.59 94.35

Measured "Good" 2x2 MIMO 89.2 93.2 88.6 87.5 91.8 87.6

Simulated "Nominal" 2x2 MIMO 53.7 58.5 54.9 52.5 57.3 54.1

Measured "Nominal" 2x2 MIMO 60.1 58.8 57.2 60.0 58.8 57.3

Simulated "Bad" 2x2 MIMO 40.6 41.6 37.9 40.4 41.8 38.4

Measured "Bad" 2x2 MIMO 50.9 49.7 45.3 51.7 50.3 45.8
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Table 2 B2/7/13 Gain Imbalance and Magnitude of Correlation Coefficient


[image: image2.emf]Band Antenna Configuration 1930MHz 1960MHz 1990MHz 1930MHz 1960MHz 1990MHz

Simulated "Good" 2x2 MIMO 0.027 0.068 0.110 0.009 0.004 0.001

Measured "Good" 2x2 MIMO 0.005 0.089 0.070 0.039 0.040 0.044

Simulated "Nominal" 2x2 MIMO 0.088 0.051 0.027 0.450 0.460 0.460

Measured "Nominal" 2x2 MIMO 0.202 0.048 0.113 0.403 0.395 0.377

Band Antenna Configuration 2.62GHz 2.655GHz 2.69GHz 2.62GHz 2.655GHz 2.69GHz

Simulated "Good" 2x2 MIMO 0.062 0.053 0.106 0.019 0.024 0.029

Measured "Good" 2x2 MIMO 0.155 0.174 0.288 0.056 0.054 0.049

Simulated "Nominal" 2x2 MIMO 0.023 0.001 0.031 0.370 0.390 0.400

Measured "Nominal" 2x2 MIMO 0.196 0.393 0.307 0.348 0.353 0.343

Band Antenna Configuration 746MHz 751MHz 756MHz 746MHz 751MHz 756MHz

Simulated "Good" 2x2 MIMO 0.000 0.001 0.005 0.018 0.052 0.083

Measured "Good" 2x2 MIMO 0.084 0.066 0.046 0.007 0.026 0.063

Simulated "Nominal" 2x2 MIMO 0.101 0.087 0.065 0.614 0.576 0.539

Measured "Nominal" 2x2 MIMO 0.004 0.000 0.009 0.603 0.556 0.519

Simulated "Bad" 2x2 MIMO 0.025 0.027 0.054 0.921 0.906 0.888

Measured "Bad" 2x2 MIMO 0.074 0.057 0.053 0.933 0.918 0.899
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3. Preliminary system results
The MIMO 2x2 Reference antennas and a LTE (B13) handset (130x67x13mm) as showed in figure 1, were tested in an MIMO OTA test system (figure 2), consisting of a circular array of dual polarized antennas in an anechoic chamber, fed by an 8 channel emulator through a set of low noise amplifiers, properly correlating, fade, scale, delay, and distribute the signal to each test probe in the chamber.

  For the purpose of this test, the DUT was oriented vertically polarized, so only eight evenly spaced vertically polarized elements located every 45 degrees were used to generate the test environment.  This configuration has been shown to produce an environment equivalent to the ideal free space condition for devices of the target size [2], and is thus considered sufficient for the purposes of this evaluation.  The test procedure followed that outlined in 3GPP TR 37.976, for a 16 QAM downlink.  The device under test (DUT) was rotated in 45 degree steps to capture throughput vs. power curves at each position and then determine the average throughput vs. power across all orientations. In addition to the OTA tests, a series of conducted tests were performed using both a constant tap (through connection) model and conducted models based on each of the OTA models where ideal dipoles were used as the modelled receiving antennas.  The constant tap result was also compared to direct connection tests between the base station emulator and the DUT to confirm that the calibrated path through the channel emulator produced the same result as a direct connection. 

[image: image3.jpg]
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Figure 1. DUT test setup, MIMO 2x2 reference antenna and LTE B13 handset
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Figure 2. Radiated data throughput test environment block diagram
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Figure 3. . Data throughput measured with LTE device and B13 MIMO 2x2 Reference antenna, SCME based
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Figure 4. Data throughput measured with LTE device and B13 MIMO 2x2 Reference antenna, SCM based

As indicated on figure 3 and 4, the band 13 reference antenna was evaluated in a MIMO anechoic chamber, where an arbitrarily spatial channel models were applied. The data throughput measured with “good” reference MIMO antenna (green curve), agrees well with LTE device conducted data throughout measured under same channel model (dark blue curve). While the “nominal” (light blue curve) and “bad” (pink curve), indicates that the reference antenna system can be used to discriminate over 8dB range, the “good” from “bad” MIMO antennas. 

4. Conclusions
A reference MIMO 2x2 antenna concept has been presented including simulated and measurement benchmarked results. In this work the antenna related investigation has been carried out for the special case of uniform incoming power distribution only, however the system data throughput is demonstrated in a non-uniform spatial channel environment. These antennas demonstrate good discrimination between “good”, “nominal” and “bad” designs, either on uniform or non-uniform environments, and will aid future research on MIMO OTA measurement methodologies, playing an important role minimizing measurement uncertainty, and validating test methodologies.
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B13 P1 BOM

		Main Antenna				Diversity Antenna
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SE

				B13 Option 1 Port1										B13 Option 1 Port2										Main Antenna Laptop (side)										Diversity Antenna Laptop (side)										Main Antenna Laptop (back)										Diversity Antenna Laptop (back)										Main Antenna Laptop (cable)										Diversity Antenna Laptop (cable)

																																																																																								746.5 MHz		751 MHz		757.8 MHz

		Freq		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)				Gain Imbalance (dB)		0.33		0.27		0.23

		746.5		-17.3		78.6		84.2		-0.1		-0.7		-13.4		84.8		90.8		-0.2		-0.4						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0				Magnitude of Complex Correlation coefficient		0.077		0.079		0.088

		748.8		-16.3		81.3		87.1		-0.1		-0.6		-12.9		87.4		93.6		-0.2		-0.3						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0				Envelope Correlation Coefficient		0.006		0.006		0.008

		751.0		-15.0		81.7		87.5		-0.1		-0.6		-12.1		86.8		93.0		-0.3		-0.3						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		753.3		-13.7		80.7		86.4		-0.2		-0.6		-11.3		85.4		91.5		-0.3		-0.4						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		755.5		-12.3		79.2		84.8		-0.3		-0.7		-10.3		83.8		89.8		-0.4		-0.5						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		757.8		-11.2		77.5		83.0		-0.3		-0.8		-9.5		81.8		87.6		-0.5		-0.6						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		760						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		762.25						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		764.5						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		766.75						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		769						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		771.25						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		773.5						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		775.75						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		778						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		780.25						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		782.5						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		784.75						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		787						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

																																										Freq. (MHz)		Gain Imbalance (dB)		Magnitude of Complex Correlation coefficient		Envelope Correlation Coefficient

																																										746.5		0.33		0.077		0.006

																																										751		0.27		0.079		0.006

																																										757.8		0.23		0.088		0.007
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				Target CC env.		real FS		imaginary FS		Mag. Complex CC FS		real LT (side)		imaginary LT (side)		Mag. Complex CC LT (side)		real LT (back)		imaginary LT (back)		Mag. Complex CC LT (back)		real LT (cable)		imaginary LT (cable)		Mag. Complex CC LT (cable)		Free Space CC env		Laptop (side) CC env		Laptop (back) CC env		Laptop (cable) CC env		Simulation Free Space

		746		0.5		0.076565		-0.72874		0.7327511084		0.028389		-0.33641		0.3376057218		-0.17777		0.016876		0.1785692366		0.042127		-0.56106		0.5626393229		0.5369241868		0.1139776234		0.0318869723		0.3165630077		0.67

		751		0.5		0.13851		-0.74128		0.7541094473		0.080981		-0.42278		0.4304658532		-0.13884		-0.069047		0.1550613872		0.098038		-0.5864		0.5945388208		0.5686810585		0.1853008508		0.0240440338		0.3534764094		0.75
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						Antenna 1												Antenna 2												Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz				1960MHz				1990MHz				1930MHz				1960MHz				1990MHz

		Band		Antenna Configuration		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		"Good" 2x2 MIMO		98.5		96.7		98.4		95.6		98.3		93.5		98.7		97.3		98.8		97.1		98.7		95.9		0.027		0.068		0.110		0.009		0.004		0.001

				"Nominal" 2x2 MIMO		98.2		59.9		98.3		60.4		98.4		59.7		97.9		58.7		98.0		59.7		98.1		59.3		0.088		0.051		0.027		0.45		0.46		0.46

				"Bad" 2x2 MIMO		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA

		Band		Antenna Configuration		2.62GHz				2.655GHz				2.69GHz				2.62GHz				2.655GHz				2.69GHz				2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		"Good" 2x2 MIMO		97.9		91.4		97.6		91.2		97.4		91.1		98.1		90.1		97.6		90.1		97.3		88.9		0.062		0.053		0.106		0.019		0.024		0.029

				"Nominal" 2x2 MIMO		96.7		55.5		97.5		58.0		96.5		59.5		96.8		55.8		97.5		58.0		95.9		59.1		0.023		0.001		0.031		0.37		0.39		0.40

				"Bad" 2x2 MIMO		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA

		Band		Antenna Configuration		746MHz				751MHz				756MHz				746MHz				751MHz				756MHz				746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		"Good" 2x2 MIMO		98.2		93.6		98.4		94.6		98.7		94.5		98.1		93.6		98.4		94.6		98.7		94.4		0.000		0.001		0.005		0.02		0.05		0.08

				"Nominal" 2x2 MIMO		95.1		53.7		93.1		58.5		91.6		54.9		95.1		52.5		93.0		57.3		91.5		54.1		0.101		0.087		0.065		0.61		0.58		0.54

				"Bad" 2x2 MIMO		96.0		40.6		93.7		41.6		91.2		37.9		95.8		40.4		93.4		41.8		90.9		38.4		0.025		0.027		0.054		0.92		0.91		0.89
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						Antenna 1												Antenna 2												Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz				1960MHz				1990MHz				1930MHz				1960MHz				1990MHz

		Band		Antenna Configuration		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		"Good" 2x2 MIMO		98.5		96.7		98.4		95.6		98.3		93.5		98.7		97.3		98.8		97.1		98.7		95.9		0.027		0.068		0.110		0.009		0.004		0.001

				"Nominal" 2x2 MIMO		98.2		59.9		98.3		60.4		98.4		59.7		97.9		58.7		98.0		59.7		98.1		59.3		0.088		0.051		0.027		0.45		0.46		0.46

		Band		Antenna Configuration		2.62GHz				2.655GHz				2.69GHz				2.62GHz				2.655GHz				2.69GHz				2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		"Good" 2x2 MIMO		97.9		91.4		97.6		91.2		97.4		91.1		98.1		90.1		97.6		90.1		97.3		88.9		0.062		0.053		0.106		0.019		0.024		0.029

				"Nominal" 2x2 MIMO		96.7		55.5		97.5		58.0		96.5		59.5		96.8		55.8		97.5		58.0		95.9		59.1		0.023		0.001		0.031		0.37		0.39		0.40

		Band		Antenna Configuration		746MHz				751MHz				756MHz				746MHz				751MHz				756MHz				746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		"Good" 2x2 MIMO		98.2		93.6		98.4		94.6		98.7		94.5		98.1		93.6		98.4		94.6		98.7		94.4		0.000		0.001		0.005		0.02		0.05		0.08

				"Nominal" 2x2 MIMO		95.1		53.7		93.1		58.5		91.6		54.9		95.1		52.5		93.0		57.3		91.5		54.1		0.101		0.087		0.065		0.61		0.58		0.54

				"Bad" 2x2 MIMO		96.0		40.6		93.7		41.6		91.2		37.9		95.8		40.4		93.4		41.8		90.9		38.4		0.025		0.027		0.054		0.92		0.91		0.89





Sheet4

						Antenna 1						Antenna 2						Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		Band		Antenna Configuration		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		"Good" 2x2 MIMO		88.5		93.1		95.8		88.6		91.2		94.2		0.00		0.09		0.07		0.04		0.04		0.04				Antenna configuration		A (mm)		B (mm)

				"Nominal" 2x2 MIMO		62.9		63.1		60.8		65.9		63.8		62.4		0.20		0.05		0.11		0.40		0.40		0.38				Band 2 "Good"		29.50		119.00

		Band		Antenna Configuration		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz				Band 2 "Nominal"		34.65		13.80

		7		"Good" 2x2 MIMO		91.9		93.6		87.9		95.3		89.9		82.2		0.16		0.17		0.29		0.06		0.05		0.05				Band 7 "Good"		22.50		119.00

				"Nominal" 2x2 MIMO		70.8		69.9		62.1		74.1		63.8		57.9		0.20		0.39		0.31		0.35		0.35		0.34				Band 7 "Nominal"		23.10		12.10

		Band		Antenna Configuration		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz				Band 13 "Good"		76.63		119.00

		13		"Good" 2x2 MIMO		89.2		93.2		88.6		87.5		91.8		87.6		0.08		0.07		0.05		0.01		0.03		0.06				Band 13 "Nominal"		78.44		85.70

				"Nominal" 2x2 MIMO		60.1		58.8		57.2		60.0		58.8		57.3		0.00		0.00		0.01		0.60		0.56		0.52				Band 13 "Bad"		79.25		77.20

				"Bad" 2x2 MIMO		50.9		49.7		45.3		51.7		50.3		45.8		0.07		0.06		0.05		0.93		0.92		0.90

						Antenna 1						Antenna 2

						1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		Band		Antenna Configuration		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)

		2		"Good" 2x2 MIMO		84.5		88.9		91.5		84.6		87.1		90.0

				"Nominal" 2x2 MIMO		60.06		60.28		58.09		62.9		61.0		59.6

		Band		Antenna Configuration		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		"Good" 2x2 MIMO		87.8		89.4		83.9		91.0		85.9		78.5

				"Nominal" 2x2 MIMO		67.7		66.7		59.3		70.8		61.0		55.3

		Band		Antenna Configuration		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		"Good" 2x2 MIMO		85.2		89.0		84.6		83.6		87.7		83.7

				"Nominal" 2x2 MIMO		57.4		56.2		54.6		57.3		56.2		54.8

				"Bad" 2x2 MIMO		48.6		47.5		43.2		49.4		48.1		43.8





		





						Antenna 1						Antenna 2						Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		Band		Antenna Configuration		η (%)		η (%)		η (%)		η (%)		η (%)		η (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		Simulated "Good" 2x2 MIMO		96.7		95.6		93.5		97.3		97.1		95.9		0.027		0.068		0.110		0.009		0.004		0.001

				Measured "Good" 2x2 MIMO		88.5		93.1		95.8		88.6		91.2		94.2		0.005		0.089		0.070		0.039		0.040		0.044

				Simulated "Nominal" 2x2 MIMO		59.9		60.4		59.7		58.7		59.7		59.3		0.088		0.051		0.027		0.450		0.460		0.460

				Measured "Nominal" 2x2 MIMO		62.9		63.1		60.8		65.9		63.8		62.4		0.202		0.048		0.113		0.403		0.395		0.377

		Band		Antenna Configuration		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		Simulated "Good" 2x2 MIMO		91.4		91.2		91.1		90.1		90.1		88.9		0.062		0.053		0.106		0.019		0.024		0.029

				Measured "Good" 2x2 MIMO		91.9		93.6		87.9		95.3		89.9		82.2		0.155		0.174		0.288		0.056		0.054		0.049

				Simulated "Nominal" 2x2 MIMO		55.5		58.0		59.5		55.8		58.0		59.1		0.023		0.001		0.031		0.370		0.390		0.400

				Measured "Nominal" 2x2 MIMO		70.8		69.9		62.1		74.1		63.8		57.9		0.196		0.393		0.307		0.348		0.353		0.343

		Band		Antenna Configuration		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		Simulated "Good" 2x2 MIMO		93.6		94.62		94.46		93.61		94.59		94.35		0.000		0.001		0.005		0.018		0.052		0.083

				Measured "Good" 2x2 MIMO		89.2		93.2		88.6		87.5		91.8		87.6		0.084		0.066		0.046		0.007		0.026		0.063

				Simulated "Nominal" 2x2 MIMO		53.7		58.5		54.9		52.5		57.3		54.1		0.101		0.087		0.065		0.614		0.576		0.539

				Measured "Nominal" 2x2 MIMO		60.1		58.8		57.2		60.0		58.8		57.3		0.004		0.000		0.009		0.603		0.556		0.519

				Simulated "Bad" 2x2 MIMO		40.6		41.6		37.9		40.4		41.8		38.4		0.025		0.027		0.054		0.921		0.906		0.888

				Measured "Bad" 2x2 MIMO		50.9		49.7		45.3		51.7		50.3		45.8		0.074		0.057		0.053		0.933		0.918		0.899
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SE

				B13 Option 1 Port1										B13 Option 1 Port2										Main Antenna Laptop (side)										Diversity Antenna Laptop (side)										Main Antenna Laptop (back)										Diversity Antenna Laptop (back)										Main Antenna Laptop (cable)										Diversity Antenna Laptop (cable)

																																																																																								746.5 MHz		751 MHz		757.8 MHz

		Freq		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)		RL (dB)		SE (%)		SEc (%)		ML (dB)		Gain (dB)				Gain Imbalance (dB)		0.33		0.27		0.23

		746.5		-17.3		78.6		84.2		-0.1		-0.7		-13.4		84.8		90.8		-0.2		-0.4						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0				Magnitude of Complex Correlation coefficient		0.077		0.079		0.088

		748.8		-16.3		81.3		87.1		-0.1		-0.6		-12.9		87.4		93.6		-0.2		-0.3						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0				Envelope Correlation Coefficient		0.006		0.006		0.008

		751.0		-15.0		81.7		87.5		-0.1		-0.6		-12.1		86.8		93.0		-0.3		-0.3						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		753.3		-13.7		80.7		86.4		-0.2		-0.6		-11.3		85.4		91.5		-0.3		-0.4						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		755.5		-12.3		79.2		84.8		-0.3		-0.7		-10.3		83.8		89.8		-0.4		-0.5						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		757.8		-11.2		77.5		83.0		-0.3		-0.8		-9.5		81.8		87.6		-0.5		-0.6						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0						0.0		0.0		0.0

		760						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		762.25						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		764.5						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		766.75						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		769						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		771.25						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		773.5						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		775.75						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		778						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		780.25						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		782.5						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		784.75						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

		787						0.0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0						0		0.00		0

																																										Freq. (MHz)		Gain Imbalance (dB)		Magnitude of Complex Correlation coefficient		Envelope Correlation Coefficient

																																										746.5		0.33		0.077		0.006

																																										751		0.27		0.079		0.006

																																										757.8		0.23		0.088		0.007
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B13 Option 1 Port1

B13 Option 1 Port2
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Frequency (MHz)

Gain (dB)

Band 13 Fixture (Main vs. Diversity) Antenna Gain Imbalance



Sheet2

				Target CC env.		real FS		imaginary FS		Mag. Complex CC FS		real LT (side)		imaginary LT (side)		Mag. Complex CC LT (side)		real LT (back)		imaginary LT (back)		Mag. Complex CC LT (back)		real LT (cable)		imaginary LT (cable)		Mag. Complex CC LT (cable)		Free Space CC env		Laptop (side) CC env		Laptop (back) CC env		Laptop (cable) CC env		Simulation Free Space

		746		0.5		0.076565		-0.72874		0.7327511084		0.028389		-0.33641		0.3376057218		-0.17777		0.016876		0.1785692366		0.042127		-0.56106		0.5626393229		0.5369241868		0.1139776234		0.0318869723		0.3165630077		0.67

		751		0.5		0.13851		-0.74128		0.7541094473		0.080981		-0.42278		0.4304658532		-0.13884		-0.069047		0.1550613872		0.098038		-0.5864		0.5945388208		0.5686810585		0.1853008508		0.0240440338		0.3534764094		0.75

		756		0.5		0.16166		-0.75658		0.7736583561		0.11272		-0.50137		0.5138848853		-0.093836		-0.15412		0.1804388242		0.13206		-0.60893		0.6230855387		0.598547252		0.2640776753		0.0325581693		0.3882355885		0.8
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Free Space CC env

Laptop (side) CC env

Laptop (back) CC env

Laptop (cable) CC env

Target CC env.

Frequency (MHz)

Envelope Correlation Coefficient

USB Dongle Band 13, Envelope of Correlation Coefficient



Satimo RevA

						Antenna 1												Antenna 2												Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz				1960MHz				1990MHz				1930MHz				1960MHz				1990MHz

		Band		Antenna Configuration		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		RE (%)		SE (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		"Good" 2x2 MIMO		98.5		96.7		98.4		95.6		98.3		93.5		98.7		97.3		98.8		97.1		98.7		95.9		0.027		0.068		0.110		0.009		0.004		0.001

				"Nominal" 2x2 MIMO		98.2		59.9		98.3		60.4		98.4		59.7		97.9		58.7		98.0		59.7		98.1		59.3		0.088		0.051		0.027		0.45		0.46		0.46

				"Bad" 2x2 MIMO		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA

		Band		Antenna Configuration		2.62GHz				2.655GHz				2.69GHz				2.62GHz				2.655GHz				2.69GHz				2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		"Good" 2x2 MIMO		97.9		91.4		97.6		91.2		97.4		91.1		98.1		90.1		97.6		90.1		97.3		88.9		0.062		0.053		0.106		0.019		0.024		0.029

				"Nominal" 2x2 MIMO		96.7		55.5		97.5		58.0		96.5		59.5		96.8		55.8		97.5		58.0		95.9		59.1		0.023		0.001		0.031		0.37		0.39		0.40

				"Bad" 2x2 MIMO		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA		NA

		Band		Antenna Configuration		746MHz				751MHz				756MHz				746MHz				751MHz				756MHz				746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		"Good" 2x2 MIMO		98.2		93.6		98.4		94.6		98.7		94.5		98.1		93.6		98.4		94.6		98.7		94.4		0.000		0.001		0.005		0.02		0.05		0.08

				"Nominal" 2x2 MIMO		95.1		53.7		93.1		58.5		91.6		54.9		95.1		52.5		93.0		57.3		91.5		54.1		0.101		0.087		0.065		0.61		0.58		0.54

				"Bad" 2x2 MIMO		96.0		40.6		93.7		41.6		91.2		37.9		95.8		40.4		93.4		41.8		90.9		38.4		0.025		0.027		0.054		0.92		0.91		0.89





Sheet3

						Antenna 1												Antenna 2												Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz				1960MHz				1990MHz				1930MHz				1960MHz				1990MHz

		Band		Antenna Configuration		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		RE (%)		η (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		"Good" 2x2 MIMO		98.5		96.7		98.4		95.6		98.3		93.5		98.7		97.3		98.8		97.1		98.7		95.9		0.027		0.068		0.110		0.009		0.004		0.001

				"Nominal" 2x2 MIMO		98.2		59.9		98.3		60.4		98.4		59.7		97.9		58.7		98.0		59.7		98.1		59.3		0.088		0.051		0.027		0.45		0.46		0.46

		Band		Antenna Configuration		2.62GHz				2.655GHz				2.69GHz				2.62GHz				2.655GHz				2.69GHz				2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		"Good" 2x2 MIMO		97.9		91.4		97.6		91.2		97.4		91.1		98.1		90.1		97.6		90.1		97.3		88.9		0.062		0.053		0.106		0.019		0.024		0.029

				"Nominal" 2x2 MIMO		96.7		55.5		97.5		58.0		96.5		59.5		96.8		55.8		97.5		58.0		95.9		59.1		0.023		0.001		0.031		0.37		0.39		0.40

		Band		Antenna Configuration		746MHz				751MHz				756MHz				746MHz				751MHz				756MHz				746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		"Good" 2x2 MIMO		98.2		93.6		98.4		94.6		98.7		94.5		98.1		93.6		98.4		94.6		98.7		94.4		0.000		0.001		0.005		0.02		0.05		0.08

				"Nominal" 2x2 MIMO		95.1		53.7		93.1		58.5		91.6		54.9		95.1		52.5		93.0		57.3		91.5		54.1		0.101		0.087		0.065		0.61		0.58		0.54

				"Bad" 2x2 MIMO		96.0		40.6		93.7		41.6		91.2		37.9		95.8		40.4		93.4		41.8		90.9		38.4		0.025		0.027		0.054		0.92		0.91		0.89





Sheet4

						Antenna 1						Antenna 2						Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		Band		Antenna Configuration		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		"Good" 2x2 MIMO		88.5		93.1		95.8		88.6		91.2		94.2		0.00		0.09		0.07		0.04		0.04		0.04				Antenna configuration		A (mm)		B (mm)

				"Nominal" 2x2 MIMO		62.9		63.1		60.8		65.9		63.8		62.4		0.20		0.05		0.11		0.40		0.40		0.38				Band 2 "Good"		29.50		119.00

		Band		Antenna Configuration		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz				Band 2 "Nominal"		34.65		13.80

		7		"Good" 2x2 MIMO		91.9		93.6		87.9		95.3		89.9		82.2		0.16		0.17		0.29		0.06		0.05		0.05				Band 7 "Good"		22.50		119.00

				"Nominal" 2x2 MIMO		70.8		69.9		62.1		74.1		63.8		57.9		0.20		0.39		0.31		0.35		0.35		0.34				Band 7 "Nominal"		23.10		12.10

		Band		Antenna Configuration		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz				Band 13 "Good"		76.63		119.00

		13		"Good" 2x2 MIMO		89.2		93.2		88.6		87.5		91.8		87.6		0.08		0.07		0.05		0.01		0.03		0.06				Band 13 "Nominal"		78.44		85.70

				"Nominal" 2x2 MIMO		60.1		58.8		57.2		60.0		58.8		57.3		0.00		0.00		0.01		0.60		0.56		0.52				Band 13 "Bad"		79.25		77.20

				"Bad" 2x2 MIMO		50.9		49.7		45.3		51.7		50.3		45.8		0.07		0.06		0.05		0.93		0.92		0.90

						Antenna 1						Antenna 2

						1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		Band		Antenna Configuration		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)		SE (%)

		2		"Good" 2x2 MIMO		84.5		88.9		91.5		84.6		87.1		90.0

				"Nominal" 2x2 MIMO		60.06		60.28		58.09		62.9		61.0		59.6

		Band		Antenna Configuration		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		"Good" 2x2 MIMO		87.8		89.4		83.9		91.0		85.9		78.5

				"Nominal" 2x2 MIMO		67.7		66.7		59.3		70.8		61.0		55.3

		Band		Antenna Configuration		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		"Good" 2x2 MIMO		85.2		89.0		84.6		83.6		87.7		83.7

				"Nominal" 2x2 MIMO		57.4		56.2		54.6		57.3		56.2		54.8

				"Bad" 2x2 MIMO		48.6		47.5		43.2		49.4		48.1		43.8





		





						Antenna 1						Antenna 2						Gain Imbalance (dB)						Mag Complex Cor. Coef.

						1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		Band		Antenna Configuration		η (%)		η (%)		η (%)		η (%)		η (%)		η (%)		1930MHz		1960MHz		1990MHz		1930MHz		1960MHz		1990MHz

		2		Simulated "Good" 2x2 MIMO		96.7		95.6		93.5		97.3		97.1		95.9		0.027		0.068		0.110		0.009		0.004		0.001

				Measured "Good" 2x2 MIMO		88.5		93.1		95.8		88.6		91.2		94.2		0.005		0.089		0.070		0.039		0.040		0.044

				Simulated "Nominal" 2x2 MIMO		59.9		60.4		59.7		58.7		59.7		59.3		0.088		0.051		0.027		0.450		0.460		0.460

				Measured "Nominal" 2x2 MIMO		62.9		63.1		60.8		65.9		63.8		62.4		0.202		0.048		0.113		0.403		0.395		0.377

		Band		Antenna Configuration		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz		2.62GHz		2.655GHz		2.69GHz

		7		Simulated "Good" 2x2 MIMO		91.4		91.2		91.1		90.1		90.1		88.9		0.062		0.053		0.106		0.019		0.024		0.029

				Measured "Good" 2x2 MIMO		91.9		93.6		87.9		95.3		89.9		82.2		0.155		0.174		0.288		0.056		0.054		0.049

				Simulated "Nominal" 2x2 MIMO		55.5		58.0		59.5		55.8		58.0		59.1		0.023		0.001		0.031		0.370		0.390		0.400

				Measured "Nominal" 2x2 MIMO		70.8		69.9		62.1		74.1		63.8		57.9		0.196		0.393		0.307		0.348		0.353		0.343

		Band		Antenna Configuration		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz		746MHz		751MHz		756MHz

		13		Simulated "Good" 2x2 MIMO		93.6		94.62		94.46		93.61		94.59		94.35		0.000		0.001		0.005		0.018		0.052		0.083

				Measured "Good" 2x2 MIMO		89.2		93.2		88.6		87.5		91.8		87.6		0.084		0.066		0.046		0.007		0.026		0.063

				Simulated "Nominal" 2x2 MIMO		53.7		58.5		54.9		52.5		57.3		54.1		0.101		0.087		0.065		0.614		0.576		0.539

				Measured "Nominal" 2x2 MIMO		60.1		58.8		57.2		60.0		58.8		57.3		0.004		0.000		0.009		0.603		0.556		0.519

				Simulated "Bad" 2x2 MIMO		40.6		41.6		37.9		40.4		41.8		38.4		0.025		0.027		0.054		0.921		0.906		0.888

				Measured "Bad" 2x2 MIMO		50.9		49.7		45.3		51.7		50.3		45.8		0.074		0.057		0.053		0.933		0.918		0.899






