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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 7, 13 and 20 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. Update results

The following figures 1~7 are simulation results of all self matched antennas designed at this point, demonstrating radiation pattern, Radiation Efficiency (RE), System Efficiency (SE), return loss, isolation between antennas and characteristic impedance.
2.1  Band 2 “Good” 2x2 MIMO antenna
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Fig. 1a, Antenna 1 radiation pattern 


Fig 1b. Antenna 2 radiation pattern
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Fig. 1c, Return loss and isolation


Fig 1d. Characteristic impedance

2.2 Band 2 “Nominal” 2x2 MIMO antenna
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Fig. 2a, Antenna 1 radiation pattern 


Fig 2b. Antenna 2 radiation pattern
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Fig. 2c, Return loss and isolation


Fig 2d. Characteristic impedance

2.3 Band 7 “Good” 2x2 MIMO antenna
[image: image9.png][=] CST MICR LTE
|6 -6 ine-8|=| ¥ @le+aal@s|S] || | e G- [&]
ES File Edit View WCS Curves Objects Mesh Solve Results Macros Window Help - =[x
|8 - = EQT| & | | |~ -l
Navigation Tree x
8 Componerts [
8 Grovps 4 8.26
8 Meterdls 7.75
E ot 7.8
8 VICs 6.71
£ Wres 6.2
G Lumped Hemerts 5D
G Plane Wave o6
G Fared Source: -
G Feld Sources .65
G Pors 513
G Bxiation Sgnas 3.61
G Feld Moniors o
@ Voltage and Curent Montors Phi .
G Probes N 2.58
@ Mesh Control 2.07
& 1D Resuts 1.55
G Port sgnals x 1.08
[ SParameters
5 Boaree 0.516
G Eney 0
G Meterls
& 20/3D Resuts
& TLM Resuts
& Fafields
53 forield §=262)[1]
5 foried §-262) 2]
3 fored §-2655) 1]
5 fored §-2655) 2]
53 foried §=269)[1]
G farield §-269) 2]
& Tables Type Farfield
Approxination enabled (kR >> 1)
Honitor farfield (£-2.655) [1]
Conponent abs
output E-Field(r=1n)
Frequency 2.655
Rad. effic.  0.9763
Tot. effic.  0.9162
Enax 8.263 u/m
B L7e_57_Testvehide_ [[E1 e 57 Testvence_Go..| %9 LTE 67 Testiehde Go
*[Name Vae Descrpton Tipe = (B z
£{IFA_H Vesgrer 141 1FA_H_Vaegmentlenght Nore :
B[iFAH edx &2 1FA_H feed "% postion Nore 2
SlFanx 0 1FAHlenght Nore - |2
£ |\ Global 2 -

Ready High Frequency Raster=100.000 Meshcells=336396 Normal mm GHz ns K



 [image: image10.png]|6 -6 ine-8|=|
ESFile Edit View WCS Curves Objects Mesh Solve Results Macros
|8 - (1=

|

Navigation Tree “x

-8 Comporents
£ Groups
-8 Matenats

4 Faces

53 forield §=262)[1]
5 forield §-262) 2]
G fafield §-2655) 1]
(el 12655 2]
5 foried §=2.69)[1]
G farield §-269) 2]
& Tables

g ev+aalEa|]:| | - |2
Window Help =
& | | |~ -
/n
4 8.1
7.50
7.0
6158
o.08
557
5lo6
456
wos
a.5n
Yy
‘ Phi 2.53
203
s
x 1.01
0506
o
Type Farfield
Approximation enabled (kR >> 1)
Honitor farfield (£=2.655) [2]
Gonponent  abs
Output E-Field(r=1m)
Frequency  2.655
Rad. effic. 08.9763
Tot. effic. 08.9013
Enax 5.101 u/n
S ue_87_vestvehide. [[2] TE_7_Testvehice_Go...| 5 LTE_7_Testiehice_Go.

*Name. Value Descrpton Tipe
£{IFA_H Vesgrer 141 IFA_H _Vsegmentlenght Nore.
B|IFAHfeedx 62 IFA_H_feed "x" postion None
HCCESED 1FA Hiengrt None.
]\ Global

Message Win  x

High Frequency Raster=100.000 Meshcells=33639%6 Normal

mm GHz ns K




Fig. 3a, Antenna 1 radiation pattern 


Fig 3b. Antenna 2 radiation pattern

[image: image11.png](28]

R OOD|@ %l -

S-Parameter Magnitude in dB

q (262,-11.858)
§ (269,-12.13)
§ (2655,26.43)
s
%

(262, 11366 ) ..

(zss 10.79)

st1
s2,1
1,2
52,2

30
22 23 24 25 26 27 28 29 3 31 32

Frequency / GHz

S L7 o7_testiehde_Go.| 51 LTe_67 Testiehce_Go..| i LTE_B7_Testvehide...

:‘ Name Value Description Type - :‘ -

= IFA_H _Veegmer 141 IFA_H_Vsegment lenght MNone H

B[iFAH edx &2 1FA_H feed "% postion Nore 2

HEYH 0 IFA_Hlengft None gl

£\ Global =

High Frequency Raster=100.000 Meshcells=336396 Normal mm GHz ns K




 [image: image12.png]| be-B|| &5 +al@)Es| =4
@ File Edit View WCS Curves Objects Mesh Solve Results Macros Window Help
BE | & B POPOS| OET & |

q 2.620000 ( 78.870171, -16.323267 ) Ohm
82.968698, -1.042417 ) Ohmy 75"

& 2.620000 ( 85.860386, 8.154096 ) Ohm

) 2.690000 ( 89.833974, 7.816673 ) Ohm

2690000 (

-
5
o
S
7

2
<

S1,1( 50 Ohm)
2 52,2( 50 Ohm)

=

)/
]
1

2

<
1/
V.

g
I
;
1

5

5 7 o7 Testieice o L T _57_Testieic o g LTE 87 Testvelicle—

I
I
Wﬂ(/
B

Ve Descrption Tive
[P vsogmer 141 A Vhognertlrg Nere (| &
B[P sesdx 62 1FA_H feed " postion None. 3
HEESNET 1FA Hiengrt Nore
5 i i
s, e e o oo Gk =





Fig. 3c, Return loss and isolation


Fig 3d. Characteristic impedance

2.4 Band 7 “Nominal” 2x2 MIMO antenna
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Fig. 4a, Antenna 1 radiation pattern 


Fig 4b. Antenna 2 radiation pattern
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Fig. 4c, Return loss and isolation


Fig 4d. Characteristic impedance

2.5 Band 13 “Good” 2x2 MIMO antenna
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Fig. 5a, Antenna 1 radiation pattern 


Fig 5b. Antenna 2 radiation pattern
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Fig. 5c, Return loss and isolation


Fig 5d. Characteristic impedance

2.6 Band 13 “Nominal” 2x2 MIMO antenna
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Fig. 6a, Antenna 1 radiation pattern 


Fig 6b. Antenna 2 radiation pattern

   [image: image23.png](28]

(e -] @G- [&]

R OOD|@ %l -

S-Parameter Magnitude in dB

st1
s2,1
1,2
52,2

q (0746 10311) B
§ (0.756, -9.9585)
4 (0751, 3.857)
8 (0.746,-10.017) |~
§ (0.756, -10.006 )
15
07 071 072 073 074 075 076 077 078 079 08
Frequency / GHz
Ersorewe re_o13 Testvicl|
*[Name = = |x
2| IFAH_Vsegmer 200 1FA_H_Vsegment lenght 3 p
B[iFAH edx &2 IFA_H feed "X postion Nore F
HYH™ 10 IFA_Hlengt Nore. -
£\ Global E
Ready

High

|

Raster=100000 Meshcells=53352 Normal mm GHz ns K



    [image: image24.png]| | e -8B &

+a@laef] 9] I Ba- [
23 Fle Edit View WCS Cumes Objects Mesh Soive Results Macros Window Help
|8 - BE | & B POPOS| OET & |~ -
= S-Parameter Impedance View
1 3
o 0746
® 075

S e s Testiehic .| 1 7515 Testiehde .| 3 LTE 813, Testvehicl |
= Valoe Descrpton Tope = |x
£ [FA_H Vecgrer 200 FA_H Veegmentenght Nane i
B[iFAH edx &2 1FA_H feed "% postion Nore 2
HEYH 0 IFA_Hlengft None - |8
& |\ Global 2|
Ready High Frequency  Raster=100.000 Meshcells=53,352 Normal mm  GHz ns

S1,1( 50 Ohm)
52,2( 50 Ohm)

5}
%

ya
-

o)/

iy
1
/ﬁ//“
2
}'l

s
\)
A\
Al
A
%

I
I
I
il

S
NSiER
“n
N

s
hoS
Hots
e

W

Q0746000 ( 86.140254, -21.504758 ) Ohm
€ 0.756000 ( 44.735069, -31.766461 ) Ohm 7,
& 0.746000 ( 91.320190, -17.698099 ) Ohm
§ 0.756000 ( 47.612058, -32.880016 ) Ohm

K




Fig. 6c, Return loss and isolation


Fig 6d. Characteristic impedance

2.7 Band 13 “Bad” 2x2 MIMO antenna
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Fig. 7a, Antenna 1 radiation pattern 


Fig 7b. Antenna 2 radiation pattern
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Fig. 7c, Return loss and isolation


Fig 7d. Characteristic impedance

3. Summary of results
The tables 1 and 2 summarize the basic antenna figure or merit results from simulations (bands 2 and 7), and measurements on band 13.
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"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

"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

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

Band Antenna Configuration

"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

"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

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

Band Antenna Configuration

"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

"Nominal" 2x2 MIMO 95.1 48.9 93.1 46.8 91.6 44.5 95.1 48.2 93.0 46.5 91.5 44.6

"Bad" 2x2 MIMO 96.0 41.4 93.7 38.9 91.2 36.4 95.8 39.5 93.4 37.5 90.9 35.7
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Table 1. Radiation Efficiency (RE) and System Efficiency (SE) summary


[image: image30.emf]Band Antenna Configuration 1930MHz 1960MHz 1990MHz1930MHz1960MHz1990MHz

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

"Nominal" 2x2 MIMO 0.088 0.051 0.027 0.45 0.46 0.46

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

Band Antenna Configuration 2.62GHz 2.655GHz 2.69GHz 2.62GHz2.655GHz2.69GHz

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

"Nominal" 2x2 MIMO 0.023 0.001 0.031 0.37 0.39 0.40

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

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

"Good" 2x2 MIMO 0.000 0.001 0.005 0.02 0.05 0.08

"Nominal" 2x2 MIMO 0.101 0.087 0.065 0.61 0.58 0.54

"Bad" 2x2 MIMO 0.025 0.027 0.054 0.92 0.91 0.89

Mag Complex Cor. Coef.

2

7

Gain Imbalance (dB)

13


Table 2. Gain Imbalance and Magnitude of Complex Correlation Coefficient summary

4. Final assembly
The figure 8 demonstrate the final embodiment of CTIA MIMO 2x2 Reference Antenna
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                             Fig 8a, Front view closed                             Fig 8b, Rear view
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                              Fig 8c, Front view RF enclosure open             Fig 8d, Front view open with DUT
5. Technology transfer
The designs documents referents to these antennas were uploaded at CTIA website:
http://cpwg.ctia.org/File/documents.cfm?tab=documents&ID=59 
As indicated on figure 9, each respective compressed file has the following contents:

a. Bill of material;

b. PCB layout, odb++ format;

c. CST Microwave Studio simulation model with results;

d. ProE mechanical file for RF enclosure design;

e. 90 degrees SMA connector specification;

f. General information about these antennas.
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Figure 9, Snapshot of CTIA folder where the Ref. Antennas design were allocated

Motorola Mobility only produced PCBs samples for Band 13 “Good” MIMO 2x2 antenna, therefore the other antennas PCB layout file (odb++) were created based on measurements  on hand-made modifications of the original template.
 The adoption of different PCB vendor might cause variations on FR4 dielectric constant and loss tangent, since these antennas are self matched, this material change might cause slightly resonance frequency shift. Besides these antennas designs are as accurate as possible, new production parts should be order in small quantities to first validate the final product/suppliers before distribution.
6. Antennas production, validation and distribution
Four (CTIA member) companies capable to produce, validate and distribute these antennas were contacted to evaluate the possibility to support the logistics related to this project. All companies had initially positive feedback. The negotiations for production, validation and distribution of these antennas will be concentrated on CTIA MOSG chair, Mr. Scott Prather.

7. Further Support
Motorola Mobility will continue to support this effort, designing antennas in different bands, and providing measurement/simulation data upon request.
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		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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Frequency (MHz)
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Band 13 MIMO 2x2 Option 1, Radiated Performance



CC

		



B13 Option 1 Port1

B13 Option 1 Port2

Main Antenna Laptop (side)

Diversity Antenna Laptop (side)

Frequency (MHz)

Gain (dB)

Band 13 Fixture Radiated Performance



Sheet1

		



Frequency (MHz)

Gain (dB)

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



				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





		



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



						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		0.084		0.105		0.125

				"Nominal" 2x2 MIMO		95.1		48.9		93.1		46.8		91.6		44.5		95.1		48.2		93.0		46.5		91.5		44.6		0.060		0.027		0.005		0.60		0.64		0.66

				"Bad" 2x2 MIMO		96.0		41.4		93.7		38.9		91.2		36.4		95.8		39.5		93.4		37.5		90.9		35.7		0.202		0.149		0.084		0.91		0.9		0.87
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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





SE

		



B13 Option 1 Port1

B13 Option 1 Port2

Frequency (MHz)

System Efficiency (%)

Band 13 MIMO 2x2 Option 1, Radiated Performance
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B13 Option 1 Port1
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Diversity Antenna Laptop (side)
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Band 13 Fixture Radiated Performance
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Frequency (MHz)

Gain (dB)

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



				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





		



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



						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






