WX5512-T0 FCC Directional Gain
Proposal



Purpose

« Infroduction a test method of FCC KDB 662911 correlated/Uncorrelated
directional gain, it strictly follows the FCC directional gain calculation formula.

«  With this method, the total directional gain result will more close to the MIMO
system real operation scenario.



Agenda

« Directional gain test method introduction.

« SATIMO Microwave Anechoic Chamber environment
Introduction

« WX5512-T0O Antenna real test report and directional gain
calculation



Directional gain test method
Introduction



FCC KDB 662911 Calculation formula of directional gain for
correlated/uncorrelated

(1)  If transmit signals are correlated, then
Directional gain = 10 log[(10°7?° + 10°?"% + ... + 10°¥"*%)? /N sn1] dBi [Note the “20”s in

the denominator of each exponent and the square of the sum of terms; the object is to
combine the signal levels coherently.]

(1) If all transmit signals are completely uncorrelated, then
Directional gain = 10 log[(10%?"° + 10“21° + ... + 10¥1%/N \x7] dBi
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Based on FCC KDB 662911 Calculation formula of directional gain analyze

Antenna pattern example:

0 -
20/ 330

-20 - 270

20-

ANTO=3dBi ANT1=-5dBi ANT1=-3dBi ANTT=-7dBi

> X axis

Based on above antenna pattern. The real Antennas gain is reasonable to
calculate by each direction. It’s the same with MIMO real operation mode. But
not calculate with peak gain in different angle.
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ZYXEL System introduction

Our product is 4x4 4T4R MIMO system with embedded antennas design

* The antennas are with different location and polarization

* The four antennas have it’s own 3D gain data

 The four peak gains are not at the same direction.

So based on the real antenna’s gain table, calculate the 4x4 Total
Directional gain angle by angle, then select the peak gain as

the system directional Gain.

/

L
A

71N

N
)

/
’ /
—

ANT location

©2019 ZYXEL| 7



MIMO System directional gain calculation example

For example: at the X axis positive(0 degree):
Ant0 Gain:3dBi

ANT1 Gain:-5dBi

ANT2 Gain:-3dBi

ANT3 Gain:-7dBi

So this directional gain:
Correlated directional gain =10*LOG((10~(3/20)+107(-5/20)+10~(-3/20)+10~(-7/20))*2/4)=3.9dBi
Un-correlated directional gain =10*¥*LOG((10”(3/10)+10%(-5/10)+10/(-3/10)+10%(-7/10))/4)=-1.2dBi

With the same method, calculate the total 3D gain, then select the peak point as final directional gain.
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SATIMO Microwave Anechoic
Chamber environment introduction
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OUTLINE

1. Instrument introduction

1.1 SATIMO
1.2 Calibration antenna

1.3 software

2. Calibration

2.1 Power on and test

2.2 calibration

3. Measure

3.1 Place the sample to be tested

3.2 Reset network instrument
3.3 Measure and process data
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1. Instrument introduction

1.1 SATIMO Overview

e

Active Amphf ication
Switching Unit
Unit (1)

s—-
F0f] '
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Entity diagram
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1.2 Calibration antenna-Horn antenna

Horn antenna
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1.2 Calibration antenna-Dipole antenna

2450MHz
2600MHz
1575MHz

2050MHz
1900MHz
1800MHz
900MHz

Dipole antenna
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1.3 Software

®

Protected
""-’kaspace

({1,
(&

SAM 2.24

,
l !

m"‘u‘PM .

SV measuring software
Measurem...

a .
o data processing

3¢
o,;a Calibration

Check2015...
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2. Calibration

2.1.1 Open Power I \ | |

|

Turn on the powerinturn1, 2, 3, 4. 5

TOVE
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2.1.1 Open Power
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2.1.2 Reset network analyzer

E5071C Network Analyzer

PEE S11 Log Mag 10.00dB/ Ref 0.000dB

1 Start 100 kHz

ES5071C Menu

Measurement
S11

Format
Log Mag

-
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2.2 Calibration

2.2.1. Horn antenna schematic diagram of placement position :
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2.2.2 Dipole antenna schematic diagram of placement position -
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2.2.3 Open the measurement software, set parameters and start measurement

type
Horn

Dipple2450
Dipple5150
Dipple5650

Markers
rker to
274
57.2°
Display on plot
Hevation -90°
Eh -30.9dB 118.9°
Ev -6.4dB 715°
Display on plot
Hevation -45°
Eh 25.8dB 421
Ev 8.5dB 58.9°
Display on plot
Hevation 0°
Eh -31.0dB 71.9°
Ev -38.3dB 43.3°
Display on plot
Hevation 45°
Eh -29.2dB 325
Ev -9.0dB -118.7°
Display on plot
Hevation
Eh -32.3dB 119.7
Ev -6.3dB 105.0°
Display on plot
Hevation 157.5°
Eh -28.3dB £69.3°
Ev -12.8dB -124.9°

start
800

2280
4900
5400

v MHz  Azimuth: 0

Start a measurement Copy data Magnitude Scale ~ + i= Legend Markers Manage system calibrations
9! g & gesy:

< Back to RealTime requency : 2280

7

/

Magnitude (dB) vs Elevation (%)

& Configure measurement

oo |

& Help ~

Export data

SatEnv

Use as 3 gain calibration

e S|

MName : l-lOHN - I = ¢
Frequency distribution
@ Linear
Start ;| 800 MHz Points : 521
Stop ;| 5000 MHz Step : 10 MHz
st (MHz)
3400 3500 3600
Spatial resolution
(71 Antenna diameter |20 cm (@)

i@ Owersampling

Measure on 360°

Cancel

" Start measurement
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Measuring processing

Start a measurement | [[7) Copy data [§* Magnitude Scale ~

Legend & Manage system calibrations @ Help ~

00 Pause | Frequency: 800 ~ MHz | Azimuth: Auto ~ = | Azimuth motor: 150 * | Oversampling motor: 755=
Magnitude (dB) vs Elevation (°)
Markers
lic rker to
Hevation -157.5°
Eh -10.9dB 71.8°
Ev -144dB 105.6°
Display on plot
Hevation -90°
Eh
Ev
Display on plot
Hevation -45°
Eh
Ev
Display on plot
Hevation 0°
Eh
Ev
Display on plot
Hevation 45°
Eh
Ev
Display on plot
Hevation 90°
Eh
Ev
Display on plot
Hevation 157.5%
Eh
Ev
Display on plot

measuring progress

Cancel

2015/8/
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2.2.4 Open data processing software to create project

SatEnv - Satimo, 1

Lel File  Tools, Window 7
t. calb u:uie-:t |
|

;I Search@l -

M et=ge=

LI Descrintion  SatEny

Project Create
_ . Open.
List of Administrators... pen
e Bjr4) List of Creators... E:\measuN\ement\ 20154201 50815- beijing-dingdang\001.pro
[S] M EACal Project siup
[14] Execute ' \ Customer I
[40] Print E:\me \\ Addrass [
. E:\me { ‘ Address : I
Print form | o 2 I
. T City
E.'ftErrl EI ﬁlE. o E'I""CEI l M D Customer reference for the project : :
: The mio visi
Properties... ] B e Cantact name : 1 I
: gl EEETI IR
Rename... = :t | \\ ;h t e :
Methods E\me I Email I
E'me \
E2 I
E:"xr‘r‘IE Project name : rojec] [ |
£ ! \ Email ) I
tManager: I \ I
Equipment under test : I \ Contact nams : 3 I
Description : Function : [
Phone : /Fax:: I
Email I
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2.2.5 Save Route

I St - i, e e S R

P Ele Tools Window ?

& cab | [Projest |

—

= H[D SatErnw
: ém PRT
[Z] DRT
S[3] ART
B0i[4] Measurement setup
[9] Macros

Create Campaign
Create html report

Mew folder
Make BackAnnotation
Show window

Save

Save as...

save with all files as...

Files list

Close

Execute

Print

Print form
External file...
Properties...
Rename...

Methods

Backup all files to cabinet...

Route E:\Calib\2015\passive calibration
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2.2.6 Export data to data processing software

{ft satirmo Passive Measurement S|E| =
B> Start a measurement | [ Copy data [* Magnitude Scale + &% Manage system calibrations @ Help ~
< Back to RealTime | Frequency: 2280 « MHz | Azimuth: 0
Markers Export data
Double click on a marker to
change its postion T
Hevation -157.5°
Eh 313dB 421°
Ev 13148 508° Snceai
Display on oot 20 —
S Use as 3 gain calibrati
HBevation -90° i librati
- i (e Gain Calibration
Ev £2dB 79.5°
Display on plot Reference file
Hevation -45°
Eh 253dB 53.1° Antenna type
E 8.7dB 71.9°
v Disiay on ook Calibration type
il
Eh 203d8 835
Ev 38748 914°
Display on plot
(f Open
& { ’U [l « Calib » Ref » Reference Antenna Data ~ [ 43| [ Search Reference Antenna Data |
Organize v New folder =~ 0 @
& /¢ Favorites Name Date modified Type
B Desktop || Data fD900-12.6xt Text Docum
= 18 Download || Data jD1575-f1.6t Text Docum
Eh %l Recent Places || Data §D1800-45.6¢ 2010/10/21 F51.. Tedt Docum
& || DatafD1900-§21.t¢ Text Document
4 Libraries || Data fD2050-§36.bt
|5 Documents 3 || Data pD2450-§32.6t
& Music || Data pD2600-§0.xt
[&=] Pictures | Data§D3600-R-17.txt Text Docum
EE videos |_| Data pD5150-§-19.6xt Text Docum
|| Data fD5650-§-40.6¢ / Text Docum
8 Computer | | [ DatafpHso0-2 satref oy 2010/10/4 T4 05:... SATREF File
& os () =] Data [jH2000-J49.satref 2010/10/11 T 0.. SATREFFile |
(a antenna measure - & Gain Calibration
a soft (F:) o = | ;
Reference file CvCalib™Ref
File name: - ref;*.txt;".satre vl o0 1
Cancel
Eh/Ev  ~ [ Maa/Phase » 4 Curves ~

Reference Antenna Dal E]

d to previous calibration

[ cancsl

J o ]
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2.2.6.1 Export Peak Gain

SatEnv - Satimo, the microwave vision
File Window ?

Tools

£ calb | l Project | I 'I Search[& v  Next=p-
= u[ﬂ] SatEnv NF to FF transform Id=109 77
..... ? [1PRT Dimensions 3 il
2 [2]DRT Memory used T9.83Mb
,_r';[ ] + Layers size 19.89Mb
1-[3] ART = & +Layers size 164.05Mb
- B80][4] Measurement setup Axis O Frequency
B M
=5 {?L] SHa + No of points =40 [Linear]
Al - * Start value:2280.00000 MHz
~[15] Security *  End value:2670.00000 MHz
[17] Import . :
[18] Macros Azis 1:Phi
- E[19] folder ; ;
* No of points =90 [Linear]
=@ 74 caLle ] o Start value:0.00000 deg
=#[75] Security * End value:178.00000 deg
[77] Import s
[78] Macros Axis 2. Theta
g- E%foldet * No of points =181 [Linear]
S0]HORN *  Start value:-180.00000 deg
89] NF to FF transform * End value:180.00000 deg
'--l@[au] 9162
-~ EaW[97] NF to FF nansfotm Maximum Number of layers 33
K + Zgwy U: E[Phi). Real part
+ fagwy 1 E[Phi). Imaginary part
+ Zgmy 2:E(Theta). Real part
£apey 3 : E[Theta). Imaginary part
-—-[95] NF to FF transform Efficiency o 7 2
o 4 E Total dB —
=- Bipoo ST = Zawv 5:E Total Lin
Fh = fawy 6 Polar +45 . Amp lin
15] NF to FF trans Reduce number of dimensions *  Lgew 7:Polar +45. Amp dB
~Z“[116] NF to FF t *  fawr 8:Polar +45 . Phase
Extract data subset = fawr 9: Polar-45 . Amp lin
= fgas 10: Polar -45 . Amp dB
Create layers = Zawy 11: Polar -45 . Phase
: = Zaer 12: Gain Phi. dB
e = Zauw 13: Gain Phi Lin
Export... = Zgwy 14: Gain Theta. dB
*  Zawy 15: Gain Theta. Lin
Remove = Zgwr 16:Gain. dB
= i 17 - 2 1
I Execute SPM Post processingl Ll
BTNt Peak Gain 3/1‘28 T 05:48:52  C:\Program Files\Metraware\S atE nv\E stemalT oolshSatM aphSatt ap.exe -
Print form NF TO FF Efficiency EI
External file... Report_3total
2 DUUUORD
Properties... Psa Sl
Rename... 2015/8/3 k4 10:22:53 i
D:103  |Children acoepted |Modification acce Methods

| = 2= S e e
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2.2.6.2 Get Peak Gain

| B il ] @l A5 | B2
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2.2.6.3 Export E-Total

= [ﬁ EI] SD2450
109] MF to FF transform

feper 17 - Gam . LU

ey 18 HEvpon Data - t - o= |

o a2

ok ok o+
-
—n |
[dn)

E| Lo 20 B Export file
. £ 21 E |w E=port ta clipboard
==TToTF TETT 1D view B -
EI % [T15] MF to FF transformmMNEfficiency Reduce number of dimensions i |e\erport s —Iil
...... ~[11EINF ta FF transtor fficienc) Extract data subset A r5elect format————— [ Select laperz]
A -
Create layers 3 1 E{Phi). Real part - Al |
z [| < TR [ E[Phi). Imaginary part — e
g
I EHZpDI"t... rE N&\‘ I%I E(Theta). Real part Mo laper
Remove Ia=  TR¥VE I
& TEXT []
Execute r ]
[~ Usze header 1
Print [~ Show Coord O
[ Aaray 0
Print form ] Polar -45 . Phase
" BIMARY ; Gain Phi. dB
. || Gain Phi. Lin
Bxternal file.. [¥ Big endian L] Gain Theta. dB
B i [T Double precision L Gain Theta. Lin
[Children accepted  [Modification accepted  [2015/8/3 * IR ] ] Gair . dB
Rename ] | & NeDF Ll Gain.Lin -
n
=ML
Methods 4
@ Special
i+ Mode 1
" Mode 2

Set as defaultl Ok LCancel
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2.2.6.4 Get E-Total

HEEE REE #R

WAD BAQ TED BAD WS REO

DEEHR SR TE | %GB P08 -8 2 Be [ -8 s %
e L el e = 02 oo
H29 - A 1.73400690430773
F G H | | J

19 I |
W —m— Measure Peak Gain [dBi] - 5071C - Eff Method
[21]
22
23 |
24|
[25]
26|
| 27 | Agilent 5071C

28 | Measure Efficiency[%] - 5071C - Eff i (dB) - 5071C Measure Peak Gain [dBi] - 5071C - Eff C e %) Peak Compare Emc‘ﬂ(da)
29 88% -0.58 173 1% -0.08 -0.029
1 30| 89% -0.53 1. 2y -0.04 -0.030
31 89% -0.52 175 ) Emo -0.01 -0.031
| 32 | 89% -0.52 175 -0.02 -0.032
133 89% -0.52 176 0.01 -0.033
| 34 | 90% -0.47 1.81 | -0.04 -0.034
35 20% -0.47 1.81 -0.05 -0.034
| 36| 90% -0.47 1.84 A -0.08 -0.034
| 37 | 90% -0.47 1.86 RFRD)... -0.16 -0.034
| 38 | 90% -0.47 1.88 ERATQ -0.21 -0.034
39 91% -0.42 1.95 021 -0.034
40| 91% -0.42 187 o HRAGERRQD -0.19 -0.034
1 41| 91% -0.42 1.97 B TERERE.. -0.47 -0.034
42 91% -0.42 1.95 i 5 -0.14 -0.035
| 43 | 91% 0.42 194 HTHAEEHEE... 0.14 -0.035
| 44 | 91% -0.42 1.91 FERFAMD -0.13 -0.036
% 91% -0.42 1.88 BIEEO). -0.13 -0.036

92% -0.37 1.92 N -0.15 -0.037

|47 | 2% 037 2.00 2 WEEW.. 019 -0.037
1 48 | 92% -0.37 2.01 i BwRO.. -0.12 -0.037
149 | 92% -0.37 2.02 % -0.10 -0.036
| 50 | 92% -0.37 2.03 1% -0.10 -0.037
| 51| 91% -0.42 2.00 1% -0.07 -0.036
| 52 | 91% -0.42 2.02 1% -0.09 -0.036
| 53| 92% -0.37 2.08 1% -0.14 -0.036
| 54 | 91% -0.42 2.04 1% -0.16 -0.037
| 55 | 91% -0.42 2.05 1% -0.24 -0.037
| 56 | 9% -0.42 2.06 1% -0.24 -0.038
| 57 | 91% -0.42 2.06 1% -0.20 -0.040
| 58 | 91% -0.42 2.07 1% -0.20 -0.041
| 59 | 91% -0.41 2.09 1% -0.19 -0.043
| 60 | 91% -0.41 2.10 1% -0.19 -0.045
1 61 20% -0.46 2.06 1% -0.47 -0.047
| 62 | 91% -0.41 2.09 1% -0.20 -0.049
| 63 | 20% -0.45 2.05 1% -0.18 -0.052
64 1% -0.22 -0.051 -
TR S73 45 515 S |« ] i ] v

{BER - L | BEEREM . N N T A i ol el = S s A=
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3. Measure
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3.1 Open the measurement software, set parameters and start measurement

7 tipao Passiv

t |[1)Copy data ' Magnitude Scale

= Legend 45 Manage system calibrations

<@ Back to RealTime | Frequency: 2280 ~ MHz | Azimuth
Magnitude (dB) vs Elevation (°)
. Export data
To an application
SatEnv

Use as 3 gain calibration

< ﬁ Configure measurement

e |

Name :| HORN ~1EH %
Display on plot Frequency distribution
80 _
g S Yus @ Linear
Ev -9.0dB & I-'I"Igl:z"m
Start | 800 MHz Points : 521
B Opae ey
Ev Ja8 050 Stop | &000 MHz Step : 10 MH=z
-1 —
Hevation 157.5" ) List {(MHz)
Eh 28.3dB -£69.3
Ev 12.8dB -1249°
Display on plot

3400 3500 3600

S O

Spatial resolution

) Artenna diameter |20 co @

24G 2400 2500 @ Oversampling Grid size : 7.57

Measure on 360°

77

/

5G 5150 5850

| H Start measurement ] Cancel

Eh/Ev  ~ =] Mag/Phase ~ :%* Curves ~
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Measuring processing

Start a measurement | [[7) Copy data [§* Magnitude Scale ~

Legend & Manage system calibrations @ Help ~

00 Pause | Frequency: 800 ~ MHz | Azimuth: Auto ~ = | Azimuth motor: 150 * | Oversampling motor: 755=
Magnitude (dB) vs Elevation (°)
Markers
lic rker to
Hevation -157.5°
Eh -10.9dB 71.8°
Ev -144dB 105.6°
Display on plot
Hevation -90°
Eh
Ev
Display on plot
Hevation -45°
Eh
Ev
Display on plot
Hevation 0°
Eh
Ev
Display on plot
Hevation 45°
Eh
Ev
Display on plot
Hevation 90°
Eh
Ev
Display on plot
Hevation 157.5%
Eh
Ev
Display on plot

measuring progress

Cancel

2015/8/
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3.2 Export data to data processing software

Satimo Passive Me |
&> Start a measurement | [ Copy data [} Magnitude Scale ~ Legend & Manage system calibrations @ Help ~

@ Backto RealTime | Frequency: 2400 + MHz | Azimuth: 0 -

Kiwicers Magnitude (dB) vs Elevation (°)

marker to

Export data

Hevation -157.5°
Eh -5.8dB -62.0°
Ev -136dB -109.4°
Display on plot
Use as a gain calibration
Hevation -90°
Eh -8.1dB -172.3°
Ev -13.1dB -124.1°
Display on plot
Hevation 45
Eh -9.3dB 836"
Ev -129dB 132.0°
Display on plot
Hevation 0°
Eh -123dB 257"
Ev -26.8dB 26.5°
Display on plot
Hevation 45°
Eh -12.8dB 346"
Ev -10.8dB -13.1°
Display on plot
Hevation 90°
Eh -152dB 135.2°
Ev -129dB 76.1°
Display on plot
Hevation 157.5°
Eh -7.9dB -86.0°
Ev -287dB -41.9°
Display on plot

2015/8/22
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SatEnv - Satimo, the microwave vision
- File Tools Window 7

& calb HProiect |
= E[D] SatEny

3.2.1 Export Peak Galn

l e l Search@{ v  Next=p=

M1PRT

#-[2] DRT

- R3] ART

- BB0|[4] Measurement setup

- Bl 9] Macros

- @ [14] ealib

=2#[15] Security
[17] Import
[18] Macros

- E[19] folder

= @[741 CcaLIB
[ =32[75] Security
s TN[77] Import

M-
LY 5

: [78] Macros
B & 79] folder
80] HORN
] NF to FF transform
I%[SD] Q102
- B [% NF to FF transform Maximum

[98] Peak Gain vs Frequency

i -=2[99] Peak Gain vs Frequency
El ﬁ[%] NF to FF transform Efficiency
~=2[96] NF to FF transform Efficiency

IFF to FF transform Id=103

Dimensions 3

Memory used T9.85Mb
+ Layers size 19.89Mb
* & +Layers size 164.05Mb

Axis O Frequency

» No of points =40 [Linear]
* Start value:2280.00000 MHz
* End value:2670.00000 MHz

Axis 1:Phi

* No of points =90 [Linear]
* Start value:0.00000 deg

* End value:178.00000 deg
Axis 2:Theta

* No of points =181 [Linear]

* Start value:-180.00000 deg
* End value:180.00000 deg

Number of Tayers 33

+ Zawa U:E[Phi). Real part

£z 1 : E[Phi). Imaginary part
Lagsr 2: E(Theta). Real part
Lagr 3 E[Theta] Imaglnary part
Lagsr 4. E Total

Lamsr 5:E Total L|n

ZLazar B Polar +45 . Amp lin

Reduce number of dimensions
Extract data subset

“[116] NF to FF t

Create layers
Computation
Export...

Remove

Lagar 72 Polar +45 . Amp dB
Z3mr 8 Polar +45 . Phase
L3z 9: Polar -45 . Amp lin
£z 10 : Polar -45 . Amp dB
£z 11 : Polar -45 . Phase
Zamar 12 : Gain Phi. dB
Zazar 13: Gain Phi. Lin

£z 14 Gain Theta. dB
Zazar 15: Gain Theta. Lin
Zamar 16: Gain. dB

e

2 1z7.-C

T T I I T T

I Execute

SPM Post processingl i

Print

Print form
External file...
Properties...

Rename...

1D:103  [Children accepted  |Modification acc Methods

Peak Gain 08/7/28 T4 05:48:52

NF TO FF Efficiency
Report_3total

B FCEVErS SIZE BUUORE
PSA SL
2015/8/3 £ 10:22:53

C:\Program Files\MetrawarehS atE nv\E sternalT oolshS att aphSathap.exe

- 2= 3 I ey —
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3.2.2 Get Peak Gain

File Tools Window 7
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3.2.3 Solve 2D field pattern

E SatEnv - Satimo, the microwave vision comp

IP] Eile Tools Window ?

Lo calb | beijing-dingdang ||F'r0iec:t |

I 'I Sear

= E [0] SatEnw

[]1PRT
i-[2]DAT

- SE[3] ART

H0([4] M easurement setup
_F: [9] M acros

L& [14] calib

- L [40] beiing-dingdang
=1 W [67] Project

=H[E8] Security
w_3[70] Inport

5 [71] Macroz

B & [72] folder

=-

[33] Peak Gai

¢ =B %] MF o FF trar
=

S [94] Peak
= B8 [30] NF to FF transfom
o ZX[E1]NF to FF transl

MF to
Dimens
Femar,
+ L
=k oale
Bz OF v Il
. Mot ExtractSubset [Axes] u
»  Starl
» End
" IFrequenc:_l,l LI [MHz]
Luiz 1:F 2
» Moc 240000000 Poszition select
= Starl y
. Erd (] 2420.00000
(] 2430.00000 None
iz 21 L aAA0 0000
Reduce number of dimensions Mac 243000000 &l
Extract data subset S (] 2470.00000
Create layers L4 g %iEEEEEEE
Computation v e ElZoooooon ]
Export... : |
Remove .
+ )
Execute L = j
Print e
-2
Print form i
External file... - j
Properties... : j
Rename... - !
Methods v £ 4
£
£
= 4 B Ok
[ athdan
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3.2.3 Solve 2D field pattern

TR T LS g S gy ® £ Rndvalle SJuuJuuog MRz
= II! [6¥] Project . :
o «[EB] SECU[“}' Axiz 1Pl
[?'EI] Irnport + Mo af points =64 [Linear]
[-_"'1] M acros *  Start valus:0.00000 deg
72 f-:ulder * Endwalue:177.18750 deg
73] wenduu .
74] MF to FF transform e o Uil 2
[Faj ez ) s Mo of points =129 [Linear]
El @3 ] MF ta FF transform b asirum o Start value:-180.00000 deg
1[53] F'eak Gain vs Frequenc_l,l s End walue:180.00000 deg
ET C [l R T
| Reduce number of dimensions hi]. Real part
e JZZ[31] MF ta FF transform E ficiency hil. Imaginary part
Extract data subset heta). Feal part
heta). Imaginary part
3
Create layers atal dB
Computation b |otal Lin
ar +45 . Amp lin
Export... ar +45 . amp dB
ar +45 . Phaze
Remove ar -45  Amp lin
Execute L SPM Post processingl
Print Peak Gain
Print form MF TO FF Efficiency
External file... Report_3total I
Properties... Fhil Amn lin
Rename... ormment |
Methods 3
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3.2.4 Get 2D field pattern

=1 W BUHE 16 ] 2T 45 &

151.575deg
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3.2.5 Solving 3D field pattern

n SatEnv - Satimo, the microwawv
IF] Eile Tools Window 7

£ calib | beiingdingdang | [Project | | ~| Sear
= u[ﬂ SatErw D_Fl_
[MIFRT imens
_#[?]DRT imcﬁ
—-[3]&RT =&+l
H_iu [4] b eazurement setup Foriz OF
_'-' [9] Macros . N
L [14] calib . sfaﬁ
() [40] beijing-dingdang e End
=H[58] Security pris L
[70] Import
- - M
=[F1]1Macros . Stoa[ﬁ
B E; ?2] folder » End
=N Sz 21
] [?E]Q'IGZ Reduce number of dimensions Mot
E‘ @ [ﬁ] MF to FF trar Extract data subset
[83] Peak Ga
- _[84] Pea Create layers 3
E| %ﬁ %‘3&] MF ta FF tran Computation O
[26] Phi=0.00 b
L e _[87] Phis Export... + .
- %‘%[aa] Phi=90.0 Rernove +
: - _ZZ[89] Phi= .
B- B30 [%%] MF ta FF tran Execute S 5
[91] Theta=3 Print = 4
- _¥[32] Thet : = i
- B8 [80] WF to FF tiansfory O "
Fo JZX[B] MF ta FF tran External file... =
Properties... T4
= i
Rename... =
Methods N
* 4
|
= E

aReedr ¢ Folar +40 Ao db

E Select axis to lock ﬁq

Reduce number of dimensions
quency ;I
2400 2500 kHz
BT E
Ok Cancel |
— -
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3.2.5 Solving 3D field pattern

093

e g L o g

=~ @ [67] Project

—=2[68] Security
] [70] Impaort
=[F1] Macms

Bl E[72] folder

EI[E% 73] wenduiji
Elg% 74] NF to FF transform

5 [75] Q102

4 [32] MF to FF transform b asimum

14 [83] Peak Gain ws Frequency
-ZX[24] Peak Gain ws Frequency

Ea LSE] MF to FF transform - [data subset]

= 86] Phi=0.00d=g

-ZX[87] Phi=0.00deg

28] Phi=30.00deg

-Z2[89] Phi=30.00deg

LgD] MF to FF transform - [data subset] Expanded
- 1] Theta=90.00deg
——- eta=H1. 10de

=

B

* RO YaIUE | 10U geg
Axiz 1: Theta
» Mo of points =129 [Linear]

®  Start value:-180.00000 deg
* End value:180.00000 deg

Nurmber of Tayers 33

+ Zawar O E[Phi]. Real part
Lz 1 E[Phi). Imaginary part
Lapear 2 E[Theta). Real part
Laeearr 3 E[Theta). Imaginary part
L3y 4 E Total dB

Lgear 50 E Total Lin

Lamr B Polar +45 . Amp lin
Lz 7 Polar +45 . Amp dB
fgsar 8 Polar +45 . Phase
Lagar 9 Polar -45 . Amp lin
L3z 10 Polar -45 . Amp dB
£ 11 Polar -45 . Phaze
Lamar 12 Gain Phi dB

£agr 13 Gain Phi. Lin

HWoHW W W W HHHHH MG 4+ 4

Lamar 14 Gain Theta. dB

15: Gain Theta. Lin

BIINE to T v - 3D view 16: Gain. dB
= to FF transfar ici - 17 : Gain . Lin
A= 15 ¢ E{Phi] . Amp lin
10 19: E[Thgta] Amp lin
Special DI Cylindric 3D OpenGL Viewer/0

Extract data subset
Show window

Create layers
Computation
Export...

Remowve
Children accepted Modification accepted 2015851

m” Execute
Print

Print form
External file...
Properties...
Rename...

Methods

Reduce number of dimensions

Cylindric 20 OpenGL Viewer
3D OpenGL Viewer

T,

Layers configuration

S

E[FPhi). Real part
E[Phi). Imaginary part
E[Theta). Heal_part

atal Cin
Polar +45 . Amp lin
Paolar +45 . Amp dB
Polar +45 . Phasge
Palar -45 . Amp lin
Palar -45 . Amp dB
FPolar -45 . Phaze
ain Phi. dB

s Al layers

- LCancel
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3.2.5 Solving 3D field pattern

S N =@ = |

S | 5
[(>][=]
0.00
0.00
0.00
1200 [*4]
s00 %)
000 [
&% Browse to select OGL file (oS 000 2]
_ : 100 [%4]
Lookin:I | SatEnv j - ¥ B~ 100 [%]
Name ) Date modified = L0 ﬁ
||| OglDatas4.ogl 2015/8/15 T 04:... = |4 vi24
. tools 2015/2/9 5 06:48
. temp 2015/8/15 5 04:...
1. sample 2015/2/9 % 06:48
. PhysicalDriversLibrairies Q15/2/9 T 06:48 -
< | 1 | ’
File name:  |OglDatas4.ogl
Files of type: | MWOpenGL files (".ogl) ~| Cancel
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3.2.6 Get 3D field pattern

=

16900 nodes.

5 o e |

Gi=

0.00 []
00074
om
1200 [}
400 (5]

-13.07 4]
103 %4
100 (%4
100 (%]
100 [*4

vi24

T4 04:42

o [mz wm

% 2 O 15815 | |
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WX5512-TO Antenna real test report
and directional gain calculation
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OUTLINE

WX5512-TO Antenna Test Report

1.1 3D Pattern & E-Total Gain Table & 2D Radiation Patterns
1.2 Peak Gain of 3D Directional pattern
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1.1.1 E-Total Gain Formula

Formula Remarks
Satimo darkroom data solution The maximum value in the original
E-Total =MAX(XX:XX) data of angle by angle and with
frequency
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1.1.2 3D Pattern & E-total Table of 2.4G

2.4G-1_2450MH:z 2.4G-2_2450MHz 2/5G-1_2450MHz 2/5G-2_2450MHz

2.4G-1 2.4G-2 2/5G-1-2.4G 2/5G-2-2.4G
Frequency
[MHZz] E-total E-total E-total E-total
[dBi] [dBi] [dBi] [dBi]
2400 2.86 3.30 2.88 3.21
2450 3.54 3.12 3.54 3.02
2500 3.26 3.40 3.31 2.87
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egend

——2400.00{MHz)
—2450.00[MHz]
—2500.00(MHz)

egend
——2400.00(MHz)
—2450.00[MHz]

—2500.00(MHz)

1.1.3 2D Radiation Patterns---2.4G-Ant 1

egend

——2400.00(MHz)
——2450.00(MHz]
—2500.00(MHz)

X

180deg 180deq UdegZ 180deq
A 270dea A 270dea A 270dea -
ZX plane ZY plane XY plane

Frequency Max Value Average Max Value Average Max Value Average

[MHz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]

2400 2.55 -1.43 1.48 -2.77 2.19 -1.81

2450 2.86 --1.18 1.49 -2.88 3.10 -1.64

2500 241 -1.87 1.22 -3.10 2.75 -1.59
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egend
——2400.00{MHz)
——2450.00[MHz]

—2500.00(MHz)

180deq

270dea

Odeg z

egend
——2400.00{MHz)
——2450.00[MHz]

—2500.00(MHz)

180deq

1.1.3 2D Radiation Patterns---2.4G-Ant 2

<5000

270dea

.egend

2400.00(MHz)
2450, 00(MHz)
—2500.00(MHz)

270dea

ZX plane ZY plane XY plane
Frequency Max Value Average Max Value Average Max Value Average
[MHZz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]
2400 3.30 -0.84 2.65 -2.45 2.98 -1.51
2450 2.97 -1.05 3.03 -2.26 2.84 -1.73
2500 3.18 -1.32 2.55 -2.42 1.93 -2.05
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egend

—2500.00(MHz)

2400.00(MHz)

450.00(MHz)

180deg

1.1.3 2D Radiation Patterns---2.4G-Ant 3

X

egend .egend

2400.00(MHz) 2400.00(MHz)

——2450.00(MHz] ——2450.00(MHz]

—2500.00{MHz) —2500.00(MHz)

Udegz 180deg OdeZ 180deq
270dea 270dea
ZX plane ZY plane XY plane
Frequency Max Value Average Max Value Average Max Value Average

[MHz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]
2400 1.63 -2.56 1.51 -3.08 2.69 -0.98
2450 2.62 -1.78 2.23 -2.86 341 -0.84
2500 2.49 -1.99 2.50 -3.09 3.26 -1.08
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egend

2400.00(MHz)
2450.00(MHz)

—2500.00(MHz)

180deg

Odeg z

egend
-2400.00[MHz)

2450.00(MHz)
—2500.00(MHz)

180deg

1.1.3 2D Radiation Patterns---2.4G-Ant 4

.egend

——2400.00(MHz)
—2450.00(MHz)
—2500.00(MHz)

180deg

s 052 s 0s2 s
ZX plane ZY plane XY plane
Frequency Max Value Average Max Value Average Max Value Average
[MHZz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]
2400 0.93 -1.38 3.21 -2.06 1.46 -0.85
2450 1.48 -1.04 3.00 -2.18 2.09 -0.40
2500 1.33 -1.47 2.87 -2.38 2.19 -0.42

X
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1.1.7 3D Pattern & E-total Table of 5G

5G-1_5500MHz

5G-2_5500MHz

2/5G-1_5500MHz

-

2/5G-2_5500MHz

-

5G-1 5G-2 2/5G-1-5G 2/5G-2-5G
Frequency
[MHz] E-total E-total E-total E-total

[dBI] [dBI] [dBI] [dBI]
5150 4.98 3.55 3.82 4.10
5250 4.94 3.74 3.82 4.00
5350 4.71 3.84 4.22 433
5500 4.21 3.75 4.00 4.89
5600 413 351 3.45 4,95
5700 4.58 3.95 331 4.85
5850 4.38 4.60 3.55 4.28
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1.1.8 2D Radiation Patterns---5G-Ant 1

.egend
—5150.00[MHz]
5250.00(MHz)

——5350.00(MHz)

——5600.00(MHz] /" 4

—5700.00(MHz],

——5850.00(MHz] K

180deg

egend egend
2230 b0ty —
Y i :
——5600.00(MHz) /2 ——5600.00(MHz) / 7K.
——5700.00(MHz), ——5700.00(MHz)/ #%
——5850.00(MHz} 1 —5850.00(MHzJ"
180deg OdeZ 180deg
ZX plane ZY plane XY plane
Frequency Max Value Average Max Value Average Max Value Average
[MHZz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]
5150 2.73 -2.10 3.49 -2.96 2.59 -2.24
5250 2.35 -1.88 3.29 -3.02 2.72 -2.20
5350 241 -1.54 3.33 -2.97 2.29 -2.34
5500 2.23 -1.31 2.98 -2.74 1.74 -2.11
5600 1.98 -1.35 3.11 -2.67 1.96 -2.10
5700 2.16 -1.13 3.29 -2.51 1.75 -1.85
5850 1.76 -1.51 2.39 -2.93 1.04 -2.18 ©2019 ZYXEL| 52




1.1.8 2D Radiation Patterns---5G-Ant 2

.egend
—5150.00{MHz)
——6250.00(MHz)

—5350.00(MHz)

——5600.00(MHz) /"
:

——5700.00(MHz),

——585000MHz}

180deg

egend
—5150.00[MHz2)
——5250.00(MHz)

——5350.00(MH2)

——5600.00(MHz) / ™5

——5700.00(MHz)

——5850.00(MHz
$ i

.egend

5150.00(MHz)

5250.00(MHz)

—5350.00(MHz)

——5600.00(MHz) / "3~ 4

—5700.00(MHz)

——sgsg00MHz [ AT

Odeg Z 180deg DdeZ 180deg
o
ZX plane XY plane
Frequency Max Value Average Max Value Average Max Value Average
[MHz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]
5150 281 -2.16 3.34 -1.56 3.15 -0.69
5250 2.94 -1.76 3.52 -1.51 3.20 -0.48
5350 2.92 -1.67 3.73 -1.47 2.57 -0.49
5500 2.69 -1.37 3.73 -1.58 2.48 -0.16
5600 1.96 -1.60 341 -1.84 2.54 -0.40
5700 221 -1.41 3.54 -1.73 3.07 -0.36
5850 2.42 -1.19 3.89 -1.61 3.40 -0.44
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.egend

—5150.00(MHz)
—5250.00(MHz)
—5350.00(MHz)

——5600.00(MHz)
——5700.00(MHz),
——5850.00(MHz;

1.1.8 2D Radiation Patterns---5G-Ant 3

180deg

‘Egen

—51 50 00[MHz2)
——H5250.00(MHz)
—— 5350, 00(MHz)

——5600.00(MHz)
——5700.00(MHz),
——5850.00(MHz]

f

egen
—51 50. UU[MHz]
—— 5250, 00(MHz

—5350 DU[MHz]

——5600.00(MHz)
——5700.00(MHz),

——5850.00(MHz) f

Y 4 oy | 7;‘ :‘ 180deg oes I
...... SN
s e e
ZX plane ZY plane XY plane
Frequency Max Value Average Max Value Average Max Value Average
[MHZz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]

5150 1.55 -1.53 1.54 -1.84 3.77 -1.06

5250 2.29 -1.87 1.95 -1.99 3.66 -1.09

5350 2.68 -1.76 2.29 -2.46 4.07 -1.23

5500 2.38 -1.63 2.58 -2.26 3.63 -1.64

5600 2.02 -1.84 2.34 -2.39 3.05 -2.10

5700 1.82 -1.68 2.85 -1.93 3.30 -2.03

5850 1.87 -1.55 3.54 -1.84 3.17 -1.93 ©2019 ZYXEL| 54




.egend

1.1.8 2D Radiation Patterns---5G-Ant 4

egend

.egend

o S0 212 oo
——5350.00{MHz) g . ———5350.00(MHz) ‘ ——5350.00(MHz)
= L= s ¢ =
180deg 0deg Z 180deg Ddez 180deg
R 0s2 e B
ZX plane ZY plane XY plane
Frequency Max Value Average Max Value Average Max Value Average
[MHz] [dBi] [dBi] [dBi] [dBi] [dBi] [dBi]
5150 1.39 -1.51 4.10 -1.46 2.66 -1.95
5250 0.92 -1.56 3.97 -1.36 3.17 -1.68
5350 0.72 -1.67 343 -1.39 3.84 -1.29
5500 0.95 -1.88 431 -1.63 4.25 -1.07
5600 1.08 -2.00 4.14 -1.97 4.49 -1.02
5700 131 -1.56 4.17 -1.78 4.10 -0.74
5850 2.34 -1.47 3.80 -1.67 2.94 -1.20
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1.2.1 Directional Gain for Correlated and Uncorrelated Formula

Formula

Remarks

Correlated Directional gain angle by

angle=10"LOG10((10A(X-X'XX/20)+10A(x- [+ Calculate the comrelated gain
. X'IXX/20)#10A(X-X"1IXX/20)+10A(‘X- g'e by ang 9
Correlated Gain XIXX/20))2)/4) formula
' 2. Use MAX to get the maximum
Correlated peak gain=MAX(XX:XX) value
Uncorrelated Directional gain angle by .
angle=10"LOG10((10A(X-X'XX/10)+10A(x. [1+ Salculate the uncorrelated gain
. X'IXX/10)+10A(X-X"IXX/10)+10A(‘X- g'e by ang 9
Uncorrelated Gain X'IXX/10))/4) formula
' 2. Use MAX to get the maximum

Uncorrelated peak gain=MAX(XX: XX)

value
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1.2.2 Directional Gain for Correlated and Uncorrelated Table

Peak Gain of 3D Directional pattern
Frequency (MHz) Correlated Uncorrelated
2400 5.65 0.66
2450 5.82 0.80
2500 5.68 0.61
5150 5.64 1.05
5250 5.86 1.19
5350 5.72 1.05
5500 5.66 1.00
5600 5.80 1.04
5700 5.82 0.87
5850 5.89 1.09
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Appendix
2.4G Ant 1 Raw Dato
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