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IlSpecification

1.1.El ectri cal

Antenna $Servi
YEMNOAADat asheet

Eectrical Specifications

L MHs 60Q960 MHzz6 00DHDO0 MHz
Frequency MHs 140000 MHz
GNSS 11 6z1 18MHz , ZA1%0%H MHz
LMHs & NMNOm4directi onal
Radi ati on
GNSS Di rectional
LMHs & NLinear
Pol ari zat.
GNSS RHCP
| mpedance 50 q
| sloati on 0-9 . BB
Ax i al Rati o (GNSS) < 3 dB
1.1.1. LMHs
B12 B5 N7 4 B1 B4 2
Wi-Fi B38 Wi-F i
Ban Banc B71 [/B1: /B8 /N7t [ B2 B40 /| B4§ N709
2G /| B41 5G
/| B2¢ [/ B2¢ / N7€¢ [ B3 / N7 7
SPEC Frec 600 700 820 1420 17@0 23Q@0 24Q0 25@0 33Q@0 44Q@0 51%0
(MHz 700 810 960 152C 217C 240C 250C 269C 420C 500C 585¢C
FS 8.4 6.7 3.5 4.0 3.6 2.3 2.0 2.1 2.6 1.8 2.3
Max VS
MP 12.¢ 6.2 3.5 3.9 3.1 1.8 1.8 2.3 3.0 1.8 2.0
Max tRer FS 2.1 2.6 5.2 4.5 5.0 8.0 9.4 8.9 -7.1 -10. 8.2
Los(sdB) pmp 1.4 2.8 5.1 4.6 5.8 -10. -11.. -8.1 6.1 -11.. 9.6
AVG Ef FS 20.. 32.. 46.7 40.( 50.°% 56.( 59.: 59.( 56.¢ 52.¢ 45,
( %) MP 18.:¢ 35.7 34.: 38.¢ 51 61.7 61.. 58.: 543 42.7 43.°¢
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Ant enna
Nl reed YEMNOAADat asheet
AVG Ga FS 7.0 5.1 -3. -4 . 3.0 2.5 2.3 2.3 2.5 2.8 3.5
(dB) MP 7.7 4.6 5. -4 . 2.9 2.1 2.1 2.4 2.7 3.8 3.6
Max Pe FS 2.0 1.3 1. 0. 5.1 4.0 4.1 4.9 5.3 4.0 4.1
Gai(ndBi mp 0.9 1.6 1. 3. 5.0 5.9 6.7 6.7 5.6 5.5 4.3
FS O 8.4
V S WR
MP O 12.38
Return FS 0-2.dB
Loss MP O-1 . #B
FS O 5d.B3i
Peak G
MP O 6d.Bri
FS O 0.57
Ma XEC C
MP O 0.58
., LMH LMH1, LMH2 Antennas
. M Hs: MH1 , MH2 Antennas
. FS:InFr ee Space
., MP: Onl550000 mm Metal Pl ane
1.1.2. MHs
B1 2 B5 N7 4 B1 B42
Wi-Fi B38 Wi-F i
Ban Banc B71 /B1l: /B8 /N7t /B2 B40 | B4§¢ N709
2G /| B41 5G
/ B2¢ |/ B2¢ / N7€¢ [ B3 /| N7 7
SPEC Frec 600 700 820 1420 170 23Q@0 24Q0 250 33Q@0 44Q@0 51%0
(MHz 700 810 960 152C 217C 240C 250C 269C 420C 500C 585¢C
FS - - - 2. 2.4 2.3 2.3 2.4 2.3 2.1 1.9
Ma XS WR
MP - - - 2. 2.1 2.2 2.2 2.6 2.2 2.2 1.8
Ma x etRu r Fs
. . . 6 . 7.7 8.0 -8.0 7.5 8.0 9.0 -10.
Loss
(dB) MP - - - 7. 8.9 8.3 8.3 7.0 8.3 8.7 -11.
AVG Ef FS - - - 39 46.7 48.¢ 50.¢ 52.¢< 56.¢ 60.¢ 56. "
( %) MP - - - 46 38.7 48 52, 53, 51.¢ 48.°% 42, ¢
AVG Gca FS - - - -4 . 3.3 3.1 3.0 2.8 2.5 2.2 2.5
(dB) MP - - - 3. 4.2 3.1 2.8 2.8 2.9 3.2 3.7
Ma x eafk FS - - - 1. 5.1 3.8 3.7 3.4 4.6 4.1 4.3
Gai(ndBi pp - - - 4. 4.9 4.9 5.2 5.2 7.1 6.7 4.4
Antenna_Datasheet 4 /6 8
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FS o 2.7
VS WR
MP O 2.6
Return FS 0-6 . BB
Loss MP 0-7dB
FS O 5d.Bli
PeaGai 1
MP O 7d.Bli
L MH: LMH1, LMH2 Antennas
M Hs: MH1  AnMH2n n as
FS:InFr ee Space
., MP: Onl B®0DOmm Met al Pl ane
1.1.3. GNSS
Ban Band GNSS L5 GNSS L2 GNSS L1
Specificatic Freq (MH 116-4189 1211238 1559606
FS 1. 0 - 3.1
Ma XVS WR
MP - - -
FS 30 - 5. 8
Max etRurn (LoB
MP - - -
FS 55. 5 - 31.5
AV G K fo).
MP - - -
FS -26 - 5.0
AVG GadB)
MP - - -
FS 1.9 - 1. 2
Ma xeaFk GadBi
MP - - -
FS 03.1
VS VR
MP -
FS O-5 . BB
Return Loss
MP -
FS Ol . ®Bi
Peakai n
MP -
L MK LMH1, LMH2 Antennas
Antenna_Datasheet 5/68
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M Hs: MH1 , MH2 Antennas
FS:InFr ee Space
MPONR500 300 mm Metal Pl ane

GNSS LNeActEri cal

LNA Gain 282 d B
Noi se Figure O 2d.B5
OQutput VSWR <2.0
l nput VSWR < 2.0
Wor king Vol tage DC2i5V
Wor king Current 020 mA
| mpedance 50 q

L MHE: LMH1, L MH2, LMH3 , LMH4 Antennas
M Hs: MH1, MH 2, MH 3, MH4 Antennas
FS:InFr ee Space

MP: 50® 500 mm Metal Pl ane

12.Supported Bands

5G NR/ L-REN abDBECD/MA/ HSPA/ HSPA+/ -IGPRS/ G¢

Band Frequency Upl ink ( Downl (i MHz LMK M Hs
1 2100 1920980 210170 a a
2 1900 18750910 193%0990 a a
3 1800 17%0785 18@5880 a a
4 1700 17%0755 210155 a a
5 850 8248 49 86894 a -
7 26 00 25@0570 2620690 a a
8 900 88015 92®60 a -
9 1800 17491798 4 . 1844187 9. a a

Antenna_Datasheet 6/68
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5G NR/ L-AEBN abBDECD/MA/ HSPA/ HSPA+/ -IGPRS/ G¢

Band Frequency Upl i nk ( Downl (i Mtz LMK M Hs
11 1500 142714947 . 1475314995 . a a
12 700 699 16 729 46 a -
13 700 777 8 7 74 56 a -
14 700 788 98 7548 68 a -
17 700 70Z 16 734 46 a -
18 850 818 30 86875 a -
19 850 83845 87890 a -
20 800 83862 79821 a -
21 1500 1447149 2 . 149531510. a a
22 3500 341490 35590 a a
23 2100 20@0020 210200 a a
24 1600 162816560 . 1525559 a a
25 1900 180915 1930995 a a
26 850 8178 4 9 85894 a -
28 700 703 48 75803 a -
31 450 4522457 .5 462-4%7.5 - -
34 2100 201®025 a a
38 2600 2572620 a a
39 1900 1880920 a a
40 2300 2302400 a a
41 2500 249-@690 a a
42 3500 3403600 a a
48 3500 35563700 a a
6 6 1700 1710780 2112200 a a
Antenna_Datasheet 7168
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5G NR/ L-REN ab©DBECD/MA/ HSPA/ HSPA+/ -IGPRS/ G¢

Band Frequency Upl i nk ( Downl (i Mtz LMK M Hs
71 600 663698 617652 a -
74 1500 14271470 1478518 a a
77 3500 330@200 a a
78 3500 3308800 a a
79 4500 4406000 a a

Note: Céadmeawrsds efficiency > 20%

GNSS Frequency Bands (MHz)

L1 L2 L5
GPS Centre 1575.42 Centre 1227.6 Centre 1176.45
(156571 1586) (12171 1238) (11641 1189)

a - a

GLLIOC- (s L 20c-L20F G3-L30C
L1OF ) i )

GLONASS Centre 1248.06 Centre 1202.025

Centre 1601
. (12417 1255) (11891 1213)
(15951 1606)

a - -
El E5a E5b E6
GALILEO Centre 1575.42 Centre 1176.45 Centre 1207.14  Centre 1278.75
(15631 1588) (11667 1187) (11977 1218) (12581 1300)
a a - -
B1l .
B1C (BeiDou-3) B2a-B2I B2b B3
Centre
BEIDOU 1561008 Centre 1575.42 Centre 1176.45 Centre 1207.14 Centre 1268.52
' 155971 1592 1l 119711217 12581 1279
(15591 1564) ( ) (11661 1187) ( ) ( )
a a a - -
L1 L2C L5 L6
QZSS  Centre 1575.42 Centre 1227.6  Centre 1176.45 Centre 1278.75
(15731 1578) (122671 1229) (116671 1187) (12571 1300)
a - a -

IRNSS L5

Antenna_Datasheet 8/68
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Centre 1176.45
(11647 1189)

a

1176.45 Mtz

1202.025 MHz

1207.14 MHz

1184 MHz

1186 MHz

1213 MHz

1186 MHz 1189 MHz 1217 MHz

. ops . GLONASS . Galileo . Beibou . IRNSS/NAVIC ' ozss

Antenna_Datasheet
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GNSS Bands and Constellations

Lower Bands Upper Bands

1561 MHz

1575.42 MHz

1268.52 MHz

1227.6 MHz 1278.75 MHz

128.06 Wz
1600.995 MHz
1238 Mz 1255 Mz 1300MHz () 1559 Mhz 1586 MHz 1606 MHz
1241 MHz 1258 MHz 1279 MHz 1563 Miz 1588 MHz
1565 MHz 1592 MHz

1595 MHz

9/68
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1.3. MechaniErwilrnbonment & Storage
Mechani cal
Antenna Si ze 2@ 8.*631 mm
Casing Material & CPC, UL®%4BVack

LMHs & MNLMR2B80Oack & 300 mm
Cabl e Type
GNS S RG174 Black & 300 mm
Connector Type SMAFARK
Mounting Type ScrewORNMR)
Environment al
Operation Temperatur 40 AC to +85 AC
Humi dity Nowondensing 65 AC 95 % RH
i P67 (After Installation)
|l ngress Protection )
Il P69K (After Installation)

| mpact Protection ( IKO9
RoHS RA®H Compliant Yes
Storage
Storage Temperature -40 AC to +85 AC
Storage Humidity Less than 75% RH
St orage Pl ace Away from corrosive gas and

) Antennas shoul d be store
Packaging . i i

manuf a&tptastic packaging.
L MHE: LMH1, LMH2 Antennas
s M Hs: MH1 , MH2 Antennas
s FS:InFr ee Space
MP: 5M® 500 mm Metal Pl ane

Antenna_Datasheet
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D

@ Mount i ngn H®P mhe:

Nut & Washer NV
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|3 DeteadPler f or mance

3.1.S-Par amet er Test

3.1.1. VSWR
e=| MH1 In Free Space LMH2 In Free Space
e | MH1 On Metal Plane==— | MH2 On Metal Plane
6y
5
X 4
=
[%2)
> 3
2 ~
. SO0/ X/
el olelololololNololooNoolo ool oNoholooNooRoRo ool o el
O O OO0 O O 0O 0O 0O O OO0 0000000 O 000 OO OO OO O O
< © 0 O N © 0 O NI O© 0O AN O 0O NI O© 0O N © 0 O
A A A N N NN ANOOOOOO ST I T 000N ;n W0 o
Frequency(MHz)
e MH1 In Free Space MH2 In Free Space
e MH1 On Metal Plane== MH2 On Metal Plane
6
5
X 4
=
"
> 3
2 ~
1 ’/ 4 vV o)
O O O O O O O O O O O 0O 0O 0O 00000 0O 0O 0O OO OO oo oo o o o
O O O O O O O O O OO0 O OO0 0O 0 0000000 OO0 O O o O
< © 0 O N < © 0 O NI O© 0O AN O 0O NI O© 0O N X © 0 O
A A NN NANANOOMOOOO S IO W Wn W0 W0 o

Frequency(MHz)
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GNSS L1 VSWR In Free Space

2'S6.LT
8'1v8.T
VYvLLT
V9.7

9'€q.lT
VLT
8'CELT
vcelt
C¢TLT

9'T0LT
¢'169T
8'089T
7'0L9T
09971

9’6191
2'6€9T
8'8¢9T
7'8T9T
809T

9'L6ST
¢'/8ST
8'9/9T
7’99491
9G4T

9'GvST
¢'SEST
8¢Sl
V'v1ST
70ST

9'eerT
2'E8YT
8CLVT
v eovT
414"

9 TwYT
CTEVT
8'0¢rT
IA014*

00vT
S 4 Q9 © © ¥ &N o

18
16

dMSA

Frequency/MHz

GNSS L5 VSWR In Free Space

C'S6ET
8'V8ET
Vv.ET
V9ET

9'€SET
CEVET
8'CEET
X449
CTET

9'TOET
2’1621
8'08¢T
7'0LCT
09¢T

9'61CT
2'6ECT
8'8¢¢T
¥7'8TCT
80¢T

9'L6TT
¢'/8TT
8'9/TT
7'99TT
9GTT

9'SYr1IT
¢'SETT
8vCIT
a4
01T

9'€60T
2'€80T
8CL0T
¥'290T
¢S0T

9'T¥0T
¢'TE0T
8'0¢0T
7'0T0T
000T

25
20
5
10
5
0

dMSA

Frequency/MHz

VSWRL MH

630 710 830 900 960 144C 171C 174C 188¢C

600

Frequency

FS

LML

11.

12.

MP

FS

L MH2

MP

13/6 8

Dat asheet

Ant enna



Antenna $Servidc

ecred YEMNOAADat asheet

Frequency 195C 214C 235(C 245C 260C 360C 470C 500C 550C 600C

FS 2.4 1.6 1.8 1.4 1.7 1.7 1.7 1.7 1.7 .
LMH1
MP 2.3 1.5 1.6 1.3 1.6 1.8 1.6 1.7 1.6 )
FS 2.5 2.7 2.0 2.0 1.7 1.7 1.4 1.1 1.8 )
L MH2
MP 2.1 2.4 1.5 1.7 1.7 1.6 1.6 1.2 1.9 .
VS WRMH

Frequency 600 630 710 830 900 960 144C 171C 174C 188¢C

ES - - - - - - 2.2 1.6 1.6 1.2
MH 1

MP - - - - - - 2.1 1.5 1.3 1.2

ES - - - - - - 2.6 1.3 1.4 2.4
MH 2

MP - - - - - - 2.1 1.3 1.3 1.5

Frequency 195C 214(C 235C 245(C 260C 360C 470C 500C 550C 600C

FS 1.3 1.2 1.4 2.0 1.8 1.4 1.7 1.3 1.5 -
MH 1

MP 1.2 1.1 1.3 1.9 2.0 1.3 1.8 1.5 1.5 -

FS 2.3 1.8 2.0 2.2 1.7 1.4 1.8 1.8 1.4 -
MH 2

MP 1.9 1.6 1.9 2.0 1.8 1.5 1.8 1.6 1.4 -

V'S WR

Frequency (MHz) 1176 1227 15 6 1 1575 16 0 2
GNSS FS 11 - 3.0 3.0 3.2

Ant enna_Datasheet 14 /6 8
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3.1.2. Return Loss

Return Loss

=| MH1 In Free Space

LMH2 In Free Space

LMH1 On Metal Plan@e== | MH2 On Metal Plane

Return Loss(dB)

5400 E————

|
O O OO0 O 0O 0O 0000000000000 OO OO OO oo o O O
O O OO0 O O 000000 0000000000 OO O o o O O
< O 0 O N < © 0O N T O 0O AN T O 0O N © 0 O N © 0 O
A A A A NN AN AN NOOOONO T I I I 0 W0 0 1 ©
Frequency(MHz)

Return Loss

= MH1 In Free Space MH2 In Free Space

MH1 On Metal Plane=== MH2 On Metal Plane

Return Loss(dB)

N eoleoleololNololNololololoNoNoNoloNoholoBoloNoNolRoNoNoNooN o]

[eNeololololoBoRololoRoBRolohooRoholhoholhohoBolohoRohoho ool

< O 0 O N < © 0O N T O 0O AN T O 0ONST O 0O N © O

A A A NN NN NOOOOONO T I I T T OO Wn o
Frequency(MHz)

Return Loss (dB)

Frequency 600 630 710 830 900 960 144C 171C 174C 188C¢C

FS 2.1 2.1 3.3 -7.8 -14. 5.2 4.8 5.2 5.9 8.5
LMH1

MP 1.4 1.5 3.3 9.4 -10. 5.1 5.0 5.8 6.3 9.0
LMH2 FS 2.4 2.2 2.7 5.6 8.4 8.6 4.7 5.7 6.1 -8.6

Ant enna_Datasheet 15/6 8



Antenna $Servidc

ecred YEMNOAADat asheet

MP 2.4 2.2 3.0 8.6 9.7 6.0 -52 6.7 7.0 -9.6

Frequency 195C 214(C 235C 245C 260C 360C 470C 500C 550C 600C

FS 7.6 -12. -10. -16. -11.. 11, -12. 11,0 11, )
LMH1

MP 8.0 -14. -13. -16. -12. 11,0 -12. -11. -12. )

FS 7.2 6.7 9.6 9.4 -12. -11. . -15. 2 7. -11. .
L MH2

MP 8.9 7.7 -14. -11. -11. -12. -13. 21. . -10. .

Return Loss(dB)

Frequency 600 630 710 830 900 960 144C 171C 174C 188¢C

ES - - - - - - 8.4 -12. -13. -19.
MH 1

MP - - - - - - 9.1 -14. -18. 21,

ES - - - - - - 7.1 -16. -16. 7.9
MH 2

MP - - - - - - 8.8 -17. -17. -14.

Frequency 195C 214(C 235C 245C 260C 360C 470C 500C 550C 600C

FS -17. -20. -15. 9.6 -10. -16. -11. -18. -13. )
MH 1

MP -19. -2 3. -17. -10. 9.3 -18. -11. -14. -13. )

FS 8.2 -10. 9.3 8.5 -11.' -15. -10. -10. -15. )
MH 2

MP -10. -12. -10. 9.3 -10. -14. -11. -12. -15. .

Ant enna_Datasheet 16 /6 8
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3.1.3. Isolation
3.1.3.1. Test Status: In Free Space

3.1.31.1. L MHA

Isolation

e | MH1 & LMH2 e | MH1 & MH1 e | MH1 & MH2

dB
N
o1

400

600

800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000

Frequency(MHz)

3.1.31.2. LMH?2

Isolation

e | MH2 & LMH]1 e [MH2 & MH1 e [ MH2 & MH2

dB
N
o1

400

600

800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000

Frequency(MHz)

Ant enna_Datasheet 17 /6 8
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3.1.3.1.3. MHL

Isolation

MH1 & LMH2 MH1 & MH2

MH1 & LMH1

0009
0089
0095
00vS
00¢s
000S
008y
009¥%
oovy
0ocy
000¥
008¢€
009€
0ore
00ce
000€
008¢
009¢
oove
00cc
000¢
008T
009T
0ovT
00¢T
000T
008

009

00v

-10
-15
-20
-25
-30
-35
-40
-45
-50

ap

Frequency(MHz)

3.1.31.4. MH

Isolation

e MH2 & LMH2 e MH2 & MH1

e MH2 & LMH1

0009
008S
0099
00vS
00¢s
0009
0081
009
oovy
00cy
000
008¢
009€
oove
00ce
000€
008¢
009¢
oove
00¢e
000¢
008T
009T
(004
002t
000T
008

009

00t

Frequency(MHz)
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3.1.3.2. Test Status: On 500 x 500 mm Metal Plane

3.1.3.21. LMH1

Isolation

e | MH1 & LMH2 e | MH1 & MH1 e | MH1 & MH2

dB
N
o1

400

600

800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000

Frequency(MHz)

3.1.3.2.2. LMH2

Isolation

e | MH2 & LMH]1 e [MH2 & MH1 e [ MH2 & MH2

dB
N
o1

400

600

800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000
3200
3400
3600
3800
4000
4200
4400
4600
4800
5000
5200
5400
5600
5800
6000

Frequency(MHz)

Ant enna_Datasheet 19 /6 8
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3.1.3.2.3. MHL
Isolation
e MH1 & LMH1 o= MH1 & LMH2 e MH1 & MH2
0
-5
-10
-15
-20
o0
£ 25
-30
-35
-40
-45
-50
O O O O O O 0O 0O 0O 0O 0O 00O 00 0000000000 O oo o o
O O O O O O O 0O 0O 0O 000000000 00000 OO 0O O o
<t O 0 O NS OO0 O N O 0O N S OO NST OW0WmON S O o o
A A AT N NN NNOMOOOOOOS IO WmWLWWw o
Frequency(MHz)
3.1.3.24. M2
Isolation
e MH2 & LMH1 e MH2 & LMH2 e MH2 & MH1
0
-5
-10
-15
-20
m
8 .25
-30
-35
-40
-45
-50
[eNeoNeolNeolololololololoBolNoBRoNoNolooloolNoBolNoNoNoNeohoNo ol
O O O OO O O 0O 00 0O 000000000 OO0 00O oo o oo
<t O 0 O N < ©O 0 O N < © 0O < 00 O N < © 0 O N I © 0 O
A A A NN NN NOOOOON TSI I T O Wn o
Frequency(MHz)
., FS: I n Free Space

MP: 500 300 mm Met al Pl ane

5
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3.1.4. GNSS LNA Gain

40

30

20

N —
'

ap/ures

-20

-30

-40

96171
8.1
CLLT
0917
8Y.LT
9€LT
velT
CTLT
00.T
88971
9297
99T
¢S9T
ovoT
8297
9T9T
09T
68T
08ST
894GT
9GGT
421"
CceST
0csat
80ST
9671
12°14"
cLVT
09vT
144"
9evT
vevt
454"
00vT

Frequency/MHz

Gain

40

30

o o
i

ap/ureo

-10

-20

-30

96€T
¥8€T
CLET
09€T
8YET
9€ET
VeeT
[A4%4)
00€T
88¢T
9/¢T
¥9¢T
¢aet
ovet
8¢cT
9TCT
v0cT
61T
08TT
89TT
94TT
144"
CETT
01T
80TT
960T
80T
¢L0T
0907
8107
9€0T
20T
¢T0T
000T

Frequency/MHz

Gain

n (dB)

LNA Gai

1227 1561 1575 1602

1176

Frequency

28. 28. 28.

28 .

GNSS
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32.Radi ati on Performance Test

3.2.1. Efficiency

100 1T
Efficiency
90

80 = | MH1 In Free Space LMH2 In Free Space

20 LMH1 On Metal Plane LMH2 On Metal Plane
S pL
560 5%‘\/[ 1 e
c M e
50 #-d \/ w
S | W W WA
1540 / \)R

w
o

o\

10
0
600 750 900 1460 1760 2060 2360 2660 2960 3260 3560 3860 4160 4460 4760 5060 5360 5660 5960
Frequency(MHz)
100 o
Efficiency
90
80 = |H1 In Free Space MH2 In Free Space
20 MH1 On Metal Plane MH2 On Metal Plane
S
S0 m ﬁ%\l"\/\u\“
c - /
50
2 e R
Al
540 4/
30
20
10
0
1400 1700 2000 2300 2600 2900 3200 3500 3800 4100 4400 4700 5000 5300 5600 5900

Frequency(MHz)
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GNSS L1 Efficiency In Free Space

P DN N W w b
oo o o1 o U1 O

Efficency(%)

-
o o1 O

1550
1552
1554
1556
1558
1560
1562
1564
1566
1568
1570
1572
1574
1576
1578
1580
1582
1584
1586
1588
1590
1592
1594
1596
1598
1600
1602
1604
1606
1608
1610

Frequency(MHz)

GNSS L5 Efficiency In Free Space

Efficiency(%)
w S a1 (o))
o o o o

N
o

[y
o

1160 1165 1170 1175 1180 1185 1190
Frequency(MHz)

Ef ficiency ( %)

Freque (M 600 630 710 830 900 960 144C 171C 174C 188C¢C

FS 16.¢ 17.: 29.« 50.¢ 56.( 33.¢ 36.: - 49.¢( 51. ¢
LMH1

MP 6.1 10.°  31.:« 56.° 54.: 29.0 31.: - 42.° 47."!

FS 25.( 21.¢ 20.+« 33.¢ 46.° 50.°  38.( - 50.: 53.¢
L MH2

MP 15.¢ 18. " 31.¢ 21.0 18.( 11.°7 40. ( - 56.( 57. ¢
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Freqguency 195C 214(C 235
FS - 51. ¢ -
LMH1
MP - 54 . ¢ -
FS - 44 . . -
L MH2
MP - 54 .~ -

( 245¢C

Ef fic

260C 360C 470C 500C 550C 600C

59

60. ¢

58.°

56 .

¢ 57,7 62,7 51.¢ 49. .« 44. "
56.: 45.( 38.¢ 46. ¢ 47 .
54.0 52.. 52.:. 39.:{ 41. .

t' 52.¢ 36.¢ 40.+« 39.t 30.°

iency ( %)

Frequency 600 630 710

FS - - -
MH 1

MP - - -

FS - - -
MH 2

MP - - -

830

900 960 144C 171C 174C 188¢C

] 39.: - 41.! 42, ¢
- 43.¢ - 38.: 40. .
- 38.: - 48.: 49.°
- 43.( - 47.. 45. ¢

Frequency 1950 214(C 235(C 245¢C

260C 360C 470C 500C 550C 600C

FS - 45, - - 49.: 52.: 55, 57.1 51.: 47.(
MH 1

MP - 43. . - - 47.¢ 50.¢ 47.: 43.. 36.¢ 35.°

FS - 47.( - - 57.: 63. 64.. 60.¢« 62.!'! 59,
MH 2

MP - 27. 4 - - 60.¢ 58. ! 48.¢ 50.*' 48.! 33.°

Ef ficiency (%)

Frequency 1176 1227 156 1 1575 16 0 2
GNSS FS 55.5 - 26. 7 34.7 33.2
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3.2.2. Average Gain

Average Gain
= | MH1 In Free Space = | MH2 In Free Space
LMH1 On Metal Plane LMH2 On Metal Plane

o

'
N

IN

A R
A
'

ge Gain(dB)
(o)}

. Avera
N o oo

KR
N

600 750 900 1460 1760 2060 2360 2660 2960 3260 3560 3860 4160 4460 4760 5060 5360 5660 5960
Frequency(MHz)

Average Gain

= MH1 In Free Space = MH2 In Free Space
MH1 On Metal Plane MH2 On Metal Plane
0
-1
g
_\52
]
0_3 IV g 8 \/\ N/\M
% N N Vv
.4 W\
>
<
-5
-6
1400 1700 2000 2300 2600 2900 3200 3500 3800 4100 4400 4700 5000 5300 5600 5900

Frequency(MHz)
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Average Gain (dB)

Frequency 600 630 710 830 900 960 144C 171C 174C 188¢C

FS 7.8 7.7 5.3 3.0 2.5 4.7 -4.4 - 3.0 -2.9
LMH1

MP -12. 9.7 5.0 -2.5 2.7 5.3 5.1 - 8.7 3.2

FS 6.0 6.7 6.9 4.7 3.3 3.0 -4.2 - 3.0 -2.7
L MH2

MP 4.1 7.3 5.0 6.7 7.4 9.3 4.0 - 2.5 2.4

Frequency 195C 214(C 235C 245C 260C 360C 470C 500C 550C 600C

FS - 2.9 - - 2.3 2.4 2.8 2.9 3.1 3.5
LMH1

MP - 2.7 - - 2.2 2.5 3.5 4.1 3.3 -3.2

FS - 3.5 - - 2.3 2.7 2.8 2.8 4.1 -3.8
L MH2

MP - 2.6 - - 2.5 2.8 4.3 3.9 4.0 5.1

Average Gain (dB)

Frequency 600 630 710 830 900 960 144C 171C 174C 188¢C

FS - - - - - - 4.1 - 3.8 3.7
MH 1

MP - - - - - - 3.6 - 4.2 4.0

FS - - - - - - 4.2 - 3.2 3.0
MH 2

MP - - - - - - 3.7 - 3.3 3.4

Frequency 195C 214(C 235C 245C 260C 360C 470C 500C 550C 600C

FS - 3.5 - - 3.1 2.8 2.6 2.4 2.9 3.3
MH 1

MP - 3.7 - - 3.2 2.9 3.3 3.7 4.4 -4.5

FS - 3.2 - - 2.4 2.0 -1.9 2.2 2.0 -2.3
MH 2

MP - 5.6 - - 2.2 2.4 3.1 3.0 3.1 -4.7

Average Gain (dB)

Frequency ( MHz 1176 1227 1561 1575 16 0 2
GNSS FS -26 - 5.7 4.6 -4 . 8
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3.2.3. Peak Gain

12 -
Peak Gain
9 e | MH1 In Free Space == | MH2 In Free Space
LMH1 On Metal Plane LMH2 On Metal Plane
6

Peak Gain(dBi)
N
D
?
7

W

-9
600 750 900 1460 1760 2060 2360 2660 2960 3260 3560 3860 4160 4460 4760 5060 5360 5660 5960
Frequency(MHz)
12 .
Peak Gain
9 e MH1 In Free Space MH2 In Free Space
MH1 On Metal Plane MH2 On Metal Plane
g
Z 6
£
3 N ,7,
\ AN,
4 Y 4 st A
§ 3 7 WX~
a A\
A
0
-3
1400 1700 2000 2300 2600 2900 3200 3500 3800 4100 4400 4700 5000 5300 5600 5900
Frequency(MHz)
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GNSS L1 Peak Gain In Free Space

TN

Peak Gain(dBi)
@

-4
-5
-6
O M © O N LD O o < O M O© O N D O oA S N~ O
O 0D WLW O© © ©O©ONININIOG®WO®O®WO®B®OH O O O O O -
OO WWwWmILWwILWwILWwILWwILWILWILWILWILWIWIWIWOo © © O
A 94 A A A A A A A A A A A A A A A A A A A
Frequency(MHz)
GNSS L5 Peak Gain In Free Space
2.5
7 \
15
-~ 1
S
= 05
‘T
© 0
-0.5
-1
-1.5

1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180
Frequency(MHz)

Peattain (dBi)

Fregmucy ( 600 630 710 830 900 960 144C 171C 174C 188C¢C

FS 3.4 3.4 -1.5 1.0 1.5 0.1 0.6 - 1.7 3.1
LMH1

MP 7.5 5.4 0.3 1.1 0.8 1.0 0.7 - 2.8 2.2

FS 3.4 3.5 3.9 1.1 1.1 1.6 0.7 - 2.1 2.7
L MH2

MP 4.3 3.4 1.0 2.2 3.0 -4.8 2.8 - 4.8 4.5
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Frequency 195C 214C 235 245C 260C 360C 470C 500C 550C 600C

FS - 4.9 - - 3.6 4.7 2.9 4.0 3.0 3.8
LMH1

MP - 4. 2 - - 5.8 4.7 4. 2 3.2 2.9 4.5

FS - 3.4 - - 4.3 2.3 2. 4 1.5 0.3 2.1
L MH2

MP - 4.7 - - 6.0 3.6 2.8 2.9 1.6 0.8

Peateain (dBi)

Freque (N 600 630 710 830 900 960 144C 171C 174C 188¢

FS - - - - - - 0.3 - 0.9 1.4
MH 1

MP - - - - - - 3.0 - 2.4 3.3

FS - - - - - - 1.3 - 1.6 3.5
MH 2

MP - - - - - - 3.5 - 4.7 4.2

Frequency 195C 214(C 235C 245C 260C 360C 470C 500C 550C 600C

FS - 1.5 - - 3.0 2.1 2.8 3.2 3.8 3.8
MH 1

MP - 3.8 - - 4.4 7.1 6.1 5.4 3.1 3.1

FS - 3.7 - - 2.5 3.3 3.4 3.6 2.8 3.4
MH 2

MP - 1.0 - - 4.6 6.5 4.4 3.7 3.7 2.5

Peatain (dBi)

Frequency 1176 1227 156 1 1575 16 0 2
GNSS FS 1.9 - 2.1 0.8 0.8
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3.2.4. ECC

3.2.4.1. Test Status: In Free Space

ECC In Free Space

0.9
08 e | MH1 & LMH2 e=m= | MH1 & MH1 === |MH1 & MH2
0.7 e | MH2 & MH1 LMH2 & MH2 e MH1 & MH2
0.6
3
LIJO'S »
0.4
0.3
0.2 /
0.1
0 Q K—l e
600 900 1740 2340 2940 3540 4140 4740 5340 5940
Frequency(MHz)

3.2.4.2. Test Status: On 500 x 500 mm Metal Plane

ECC On Metal Plane

0.9
08 e | MH1 & LMH2 e=m== | MH1 & MH1 === | MH1 & MH2
0.7 e | MH2 & MH1 LMH2 & MH2 e MH1 & MH2
0.6
305 N\
L|J0'5 I
o
0.3
0.2
0.1 SE é!
0 ——— = e
600 900 1740 2340 2940 3540 4140 4740 5340 5940
Frequency(MHz)
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3.2.5. 3D & 2D Radiation Pattern

3.2.5.1. Test Status: In Free Space
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® LMH1 630 MHz -

-16

-22

A A
H Plane | E1 Plane +f
i — 600MHz o
B — 630MHz o T -
B0 T30° —650MHz 30 ~30

e

2

-10

A A
H Plane A EL Plane +HZ
d — 810MHz q
S, (2 — 830MHz o
3300 30°  —8S0MHz B, ~30

8
300°/

/

— 60OMHz
— 630MHz
— 650MHz

— 810MHz
— 830MHz
— 850MHz
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330°

H Plane
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710 MHz

-1

— 700MHz E1 Plane Y —
— 710MHz A 2
~30°  —720MHz I L 7o
7> 30~ ~.30°  —720MHz
N - N
N\ eor
\

900MHz

2

| A
:1 Plane
+H
— 880MHz o —2ggm:z
— 900MHz —t— - 2
T30° —960MHz 330°, 30°  —oeomMHz
\60°
\
\
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0

-14
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1740 MHz

A A A A\
H Plane
+4x El Plane H Plane E1l Plane
— 1420MHz 4z z
o — 1440MH . —1420MHz — 1720MHz = 1720MHz
3300 3 : - — 1440MHz T — 1740MHz " — 1740MHz
o 307~ 1460MHz 3307 _- Tl 300 —1460MHz T 1760 — 1760MHz
/ ™~
3000/ \ 607 \\\ 60° \60°
/ \. ¥ \¢
/ i / k) \
[ | ‘
2707+ 270°{ FosrrPp
| 1
\ \
\ \
\
240° 7, 240°7\

1880 MHz ; 1960 MHz

-13

A A A . A
H ane
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N — 1860MH: Wz  seomie o e otitia B — 1960MHz
J o — - o J—
9 — 1880MHz = . — 1880MHz 330°_— . 30° — 1980MHz 330° _— T30 1980MHz
3300~ T 30° — 1900MHz 3308 T 30°  —1900MHz
2 s e <
e ™ ~
00°
3000/ \ 600 300° 60°
/ \
/ Y / \ /
( w0 \ f
270-:1 > - ) } - !
\ -20 | |\
\ o \
\ o/ \
10
240° 120° 40°

—~ 1500

2100 T |~
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® LMH1

2140 MHz

H Plane |

X

3300
X
"

H Plane A

= 2120MHz
— 2140MHz
— 2160MHz

— 2440MHz
—— 2460MHzZ
T 300 —2480MHz

AN

El Plane na

300

.

N

— 2440MHz
— 2460MHz

. 30° — 2480MHz
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2360 MHz

A A
— 2120MHz H Plane i E1l Plane A+
— 2140MHz —— 2300MHz
—— 2160MHz . — 2360MHz
EEI]“’ - e300 —— 2400MHz
N . N
600

2600 MHz

1 Plane
— 2500MHz
— 2600MHz
T~ 30°  —2700MHz 3300

— 2300MHz
— 2360MHz
— 24D0MHz

-15

F — 2500MHz
o — 2600MHz
T—_30° —2700MHz

T
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® LMH1 5

3600 MHz 4000 MHz

A A A
H Plane . E1 Plane b H Plane E1 Plane s
— 3400MHz =a400Miz R — ss00MEz — 3800MHz
— 3800MHz —=3600M1z — o0aMiie o — 4000MHz
30°  — 3800MHz ——3800MHz 3307~ . 30° —e200MHz T 300 —4200MHz
e h S
/ \
2007,/ 600 \,60°
/ :
uu-J‘
|
7405\‘\
. //'
o > 53
210° - 150°
210°
A A A A
H Plane | 1 Plane &+
H Plane E1 Plane L ! — 5200MHz — 5200MHz
¥ — aa00mH — 4400MHz T — 5500MHz T — 5500MHz
roone — —aidoune 330°_— T 30°  —6000MHz 330° B 30°  — 6000MHz
~._30° —_—
00— sooomi 5000MHz

, 60%
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® LMH2 -3 3
630 MHz 710 MHz

-14

-18
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A A A A
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— GO0MHz ¥ — G0OMH:z | oo — 700MHz
0 z 5
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330°, - —— — 650MHz 3300 e 30° — psaMig 330° — 730MHz 330° 307 pooMuE
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3000/ 808 s/ "\ 60° 3000
[ f |
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2100 1 1500
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>
27001 P
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® LMH2 v

1440 MHz 1740 MHz

A
H Plane + T E1 Plane P H Plane E1Pl
=i ’ — 1420MHz ] — 1720MHz ane +F o
. 1440MHz — 1440MHz — 1740MHz 0| 4 .
~. 30°  —1460MHz 2 s aow S B — 1740MHz
oy g i 330° e 307 —1760MHz
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® LMH2 a

2140 MHz
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® LMH2 ;
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4000 MHz 4
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® MH1

1440 MHz 1740 MHz

-13

A A A A
H Plane o E1 Plane
— 1420MHz +¥ AR H Plane , E1 Plane £+
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® MH1
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® MH1 .

3600 MHz 4000 MHz

A A A
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® MH2 1440 MHz
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