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List of cheat sheets/links on our welbsite




What Is an
Antennae




Practical Demonstration of an Antenna
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Types of Antennas

Car antenna TV antenna “Bunny Ears” antenna PCB antenna

Horn antenna Dish antenna Poynting XPOL
- A antenna
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How does an
external antenna
Improve LTE
performancee

www.poynting.tect




Indoor vs Outdoor Signal

v' Signal Indoor 20dB lower because: have to
penetrate walls/windows efc.

v Massive mulfipath fading indoors is the biggest
reason for the 20dB difference.

v' Both outdoor AND indoor noise affect indoor
signall

v Outdoor signal is 16dB to 20dB higher than
indoor.

v Antenna gain adds to this.

v' Directional antenna reduces noise from other
directions.
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Signal = 40x - 100x WEAKER
(than ovtside)
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Signal = 40x - 100x STRONGER
(than inside)
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How does a bad Antenna impact LTE performance?




How does a bad Antenna impact LTE performance?




- P ynting
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General concepts

when selecting your

LTE Antenna



LOCATION? OMNI- or DIRECTIONAL Antenna?

Omni-directional
Antenna
Receives multiple
Cellular Base
Stations

-
~ -
- -
e

Directional Antenna
Directed at a
specific Cellular
Base Station
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Choosing the
Correct antennao




Initial Considerations

Technology/s: Requirements: Application: Miscellaneous:

e Frequency Bands e Omni/directional * Size & Shape e Connectors
e Future Proof e Signal Levels e Mounting Type e Coax Cable
e Features (use MIMO?) e Polarisation e Environmental ¢ Brackets

* High throughput? « Certification
(heed MIMO?)
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Radio Frequency Spectrum: Wireless Communication

Overview of the more common Cellular & Wi-Fi Bands:

410 - 470 MHz 698 - 960MHz 1427 - 1517 MHz 1710 - 2170 MHz 2300 - 2500 MHz 2500 - 2700 MHz 3400 - 3800 MHz 5000 - 6000 MHz
[ e

4G
LTE

GSM GSM 1700 GSMJ 3G - UMTS 5G -
900 (USAIE'3.5G - HSPA CBRS
GSM 1800 PCS & HSPA + .
CDMA2000
WCDMA
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Country specific frequency bands not differentiated in the above overview
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LTE Antennas we will use as examples

Overview of the more common Cellular & Wi-Fi Bands:

410 - 470 MHz 698 - 960MHz 1427 - 1517 MHz 1710 - 2170 MHz 2300 - 2500 MHz 2500 - 2700 MHz 3400 - 3800 MHz 5000 - 6000 MHz

Vodacom SA
Vodacom SA
Vodacom SA
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LTE Antennas we will use as examples

Overview of the more common Cellular & Wi-Fi Bands:

410 - 470 MHz 698 - 960MHz 1427 - 1517 MHz 1710 - 2170 MHz 2300 - 2500 MHz 2500 - 2700 MHz 3400 - 3800 MHz 5000 - 6000 MHz
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LTE Antennas we will use as examples

Overview of the more common Cellular & Wi-Fi Bands:

410 - 470 MHz 698 - 960MHz 1427 - 1517 MHz 1710 - 2170 MHz 2300 - 2500 MHz 2500 - 2700 MHz 3400 - 3800 MHz 5000 - 6000 MHz

Telkom SA
Telkom SA
Telkom SA
Telkom SA
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Initial Considerations

Technology/s: Requirements: Application: Miscellaneous:

e Frequency Bands e Omni/directional * Size & Shape e Connectors
e Future Proof e Signal Levels e Mounting Type e Coax Cable
e Features (use MIMO?) e Polarisation e Environmental ¢ Brackets

* High throughput? « Certification
(heed MIMO?)
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LOCATION? OMNI- or DIRECTIONAL Antenna?

______
-
-
-
-

Omni-directional
Antenna
Receives multiple
Cellular Base
Stations

——
—~—
~~
~~
S~
~.
~.
~.
Ss
N

Directional Antenna
Directed at a
specific Cellular
Base Station

Customer Premises Equipment Perspective

Omni-directional antenna:

« Allows router to ‘roam’ amongst various cells
(incl. newly built cells)

« Ease of installation

« Lower gain, but more redundancy (from other
base stations)

Directional Antenna:
« Reduces interference from other directions

* Higher throughput, but limited to specific
base station capacity

« Dependant to cellular tower availability
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Initial Considerations

Technology/s: Requirements: Application: Miscellaneous:

e Frequency Bands e Omni/directional * Size & Shape e Connectors
e Future Proof e Signal Levels e Mounting Type e Coax Cable
e Features (use MIMO?) e Polarisation e Environmental ¢ Brackets

* High throughput? « Certification
(heed MIMO?)
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Choosing between LPDA-92 & XPOL-2 Panel Antenna

P

Type PDA-9 O PDA-9 O O PO Pane
\_
p

. . Array of elements with Array of elements with

L B (e different lengths different lengths -
p

Bandwidth
\_
p

Reliability -
\_
p

Gain G
\_
>

Upgradable with Second
. ollile Antenna for MIMO
p
. . RUrAl, Fa O ® ® RUrAl, A O ® ® o - -
Best suited for: T oy dential, Co . -
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Choosing between OMNI Antennas

( 2\
Type O e.g. O 600 PO

|\ J/

( 2\
Visually onger Antenno O eig de antenno

|\ J/

( 2\
Bandwidth

|\ J/

( 2\
Gain (Extent of coverage) Low / Medium -

\ <
Elevation beamwidth Lower Beamwidth -

> <
MIMO es, vertico eparated e 0ss polarised -

|\ J/

( 2\

o . O O O er Alred O er Ared
Best suited for: . - 2D -
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Initial Considerations

Technology/s: Requirements: Application: Miscellaneous:

e Frequency Bands e Omni/directional * Size & Shape e Connectors
e Future Proof e Signal Levels e Mounting Type e Coax Cable
e Features (use MIMO?) e Polarisation e Environmental ¢ Brackets

* High throughput? « Certification
(heed MIMO?)
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WHICH ROUTER? Router Types / Examples

RUT950 C € AL i
2o (G e e B e

Back
IBR600C

Pepwave UBR-LTE




WHICH CONNECTOR? Examples

SMA TS-9 Patch leads are used
between HDF-195 cable
from
Often used for . ; provides for ‘strain
Antenna connection to Often used in relief’ between cable and
Modems/Repeaters N—Type Router

7 SMA to TS-9
RP-SMA Patch leads

Often used for
Antenna connection to
Routers/APs

Beware of fitting own connectors — Whole cable assembly MUST be measured with network analyser




Antenna Gain

Frequency
900 MHz
1800 MHz
2400 MHz
3000 MHz

Antenna Gain

9 dB
10 dB
10 dB
11 dB

Cable Losses HDF-195

Frequency

900 MHz
1800 MHz
2400 MHz
3000 MHz

Cable Loss/m Cable Length Cable Loss

15m
15 m
15m
15 m

Cable Losses LMR-400

Frequency

900 MHz
1800 MHz
2400 MHz
3000 MHz

Cable Loss/m Cable Length Cable Loss

15m
15 m
15 m
15 m

Frequency

900 MHz
1800 MHz
2400 MHz
3000 MHz

Frequency

900 MHz
1800 MHz
2400 MHz
3000 MHz

CABLE LENGTH: HDF-195 VS LMR-400

System Gain 15m HDF-195

HDF-195

0,362 dB/m
0,514 dB/m
0,533 dB/m
0,603 dB/m

15m
15 m
15 m
15 m

5,430 dB
7,710 dB
7,995 dB
9,045 dB

Cable Loss/m Cable Length Cable Loss Antenna Gain

9 dB
10 dB
10 dB
11 dB

System Gain 15m LMR-400

LMR-400
0,1274 dB/m
0,1855 dB/m
0,2175 dB/m
0,2464 dB/m

15 m
15 m
15 m
15m

1,911 dB
2,783 dB
3,263 dB
3,696 dB

Cable Loss/m Cable Length Cable Loss Antenna Gain

9 dB
10 dB
10 dB
11 dB

Net Gain

Net Gain

Difference
LMR-400 vs
HDF-195
3,519 dB
4,928 dB
4,733 dB
5,349 dB




Poynting Antennas
Use Cases




Introduction: How do | choose an LTE antenna?

XPOL-1-5G XPOL-2-5G

i

OMNI-600 LPDA-92
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Scenariol: Why do you need an antenna?

?—3 How can | help?¢

Please help me
choose an
Antenna




Scenariol: Why do you need an antenna?

Where do you live?

and :
: Calle du Salustiano,
Whlchooupfsrgéor do Madrid
4 ) And

| use Vodafone ES




Scenario 1: Urban - High Density [Vodafone ES - 2141]

LA A7) Duplex i 4
Band = Duple)( N f " Common Subset Upllnk -= " Downlink'™ ~ " spacing " Channel bandwidths
T mode® 1 T | (mHz) T name of band (MHzZ) (MHz) 2 M
Z

true&ishowTowerlLabels=truediclusterEnabled=trus&itilesEna

FDD 2100 -.- 1920 - 1980 2110 - 2170 180
FDD 1900 CS 1850 - 1910 1930 — 1990

1800 : 1805 — 1880

1700 VS 5: 2110 4 0. 15, o T [ i W et ol J‘-:. J
850 Cellular (CLR) 26 824 — 8 4,3,5, = . = ! \f.i' Lol i | s
2600 AT 250 ) g 5,10, 15,2 foal : . X i ( S .a f‘ffﬂfde’deﬁﬁ“ G
900 Extended GSM 880915 25— 4 4,3,5, ™/ y }‘ -" I"ﬁ / 327Yd S [\eNB D 254’4.2‘5
1 Lower PDC 74 427.9 - 1447. ) 4 10 ~y P ' Y | ¥ ,.ﬁ' .u’JF |«
T00 Lower SMH

700 Upper SMH

700 Upper SMH 788 —798

700 Lower SMH ¥ 704-716

850 Lower 800 (Japan) 815-830

850 Upper 800 (Japan)

"

‘ 710m/777yds

! e
aﬁle—ée Zomfra

31 NBI This is a S|mulqhon NOT _ah aciual coverage plan
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Scenario 1 - Urban Environment-

T S———
- =~
-~
~
~

,,,,,,,, Omni-directional
. Antenna
Receives multiple
Cellular Base
Stations

Omni-directional antenna:

« Allows router to ‘roam’ amongst various cells
(incl. newly built cells)

« Ease of installation

« Lower gain, but more redundancy (from other
base stations)

=

| XPOL-1-5G
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LTE Frequencies - Vodafone Madrid Frequencies

410 - 470 MHz 698 - 960MHz 1427 - 1517 MHz 1710 - 2170 MHz 2300 - 2500 MHz 2500 - 2700 MHz 3400 - 3800 MHz 5000 - 6000 MHz
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XPOL-1-5G MOUNTING OPTIONS

Suckers on Window Wall mount Pole mount

This document and its confent is confidential and may not be distributed, reproduced, forwarded in anyway whatsoever without written consent from Poynting. This document does not constitute an agreement. All rights reserved



Scenario 2: Urban Low Towers

Please help me
choose an
Antenna




Scenario 2: Urban Low Towers

Where do you live?

and
Which operator do | stay in Sharonleq,
you use?¢ Johannesburg,

South Africa;
| use Rain Internet
as a Service
Provider




Sharonleq, Johannesburg, South Africa

AT A3 Duplex ;
Band = DupIE)( N f " Common N Subset Upllﬂk " Downlink " spacing " Channel bandwidths
mode® U 7 | (MHz) name of band (MHz) (MHz) iz (MHz) I o o ° °
Z
NB! This is a simulation, NOT an actual coverage plan
1 FOD 2100 T 65 | 1920-1980 | 2110-2170 190 5,10, 15,20
2 FOD 1900 PCS 25 | 1850-1910 | 1930— 1990 80 14,3,5.10 15,20
3 FOD 1800 DCs 1710-1785 | 1805— 1860 95 14,35 10 15,20 |
P
4 FOD 1700 AWS-1 66 | 1710-1755 | 2110-2155 400 143,510 15,20 :
5 FOD 250 o (ClR : 824 - 849 869 — 894 45 14,3510 )
7 FOD eNB ID 100618 - LTE 2500 - 2570 | 2620 - 2690 120 5,10, 15. 20 . ) ey : j _ -
N - - y g < 2Ea ¢ : ; NB ID 100368 ||& NB ID 117358
8 FDD  MCC/MNC/ Region 655 /38/20009 ‘ 880 - 915 925 - 960 45 14,3510 ¢ . g . i A okt
1 FOD  gands 5 ‘127_9 ~14479| 1475914958 48 5.10 / km/4mi B : F =
12 FOD 699 - 716 729746 30 14,3,5,10 : 7 A i -
First Seen Sun, 28 Apr 2019 ‘ 7 S 1%‘%
13 FOD 777 - 787 746 - 756 -31 5.10 e %
14 Fpp  LastSeen Wed, 08 Jul 2020 ‘ 786 - 798 758 — 768 -30 5.10 \
17 FOD 704-716 734-746 30 5,10
18 FOD 815830 860 - 875 45 5.10, 15 A
Edit Site Data
19 FOD 830 — 845 875 - 890 45 5.10, 15
Woodmead
20 FOD 832 - 862 791 - 821 -1 5,10, 15, 20 ease |

Extra Data

Bryanston 3t Bands 4 { NBID 116698
: ! ’ : h Bands 3,38

Celll

L |

Cell Identifier 25758209

System Subtype LTE

PCl 471(157/0)

EARFCN 1877 5

eNBID 101718
Bands 3,38

LSNB ID 113971 L LTE
i 4 .

Maximum Signal (RSRP)  -74dBm

Direction N (129) : i Rl 4 3 ) i T s 3

First Seen Sun, 28 Apr 2019 : H ; X i R . : g ¥ &
vel " ; 3 cburge i > e K < N Alexandra

Last Seen Wed, 08 Jul 2020 15.858 g LTE

Y

Uplink Frequency 1777.7 MHz thll Gardens

/| Wynberg e

Downlink Freguency 1872.7 MHz = ] - N ot DL | _ Ri
Allen's Nek ’ T 4 I _‘p“"b M30 Eas 5
Frequency Band DCS (B3 FDD) : j ~
-Strubensvallei i [ ] [T } LG Bands 3,38
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LTE Frequencies — Rain, South Africa

Rain South Africa
Rain South Africa
Rain South Africa

MHz
400
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Scenario 2 - Urban Environment-

Omni-directional
Antenna
Receives multiple

Cellular Base
Stg’rions

Omni-directional antenna:

» Allows router to ‘roam’ amongst
various cells (incl. newly built cells)

- Relative ease of installation, pole/wall
mount

+ Medium gain, greater distance, but

more redundancy (from other base
stations)

OMNI-600
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Scenario 3 - Suburban; Single Tower ldentified

Where do you live?
and

Which operator do

yOU Use?

My brother lives in
Valencia in a Suburb




Scenario 3: Suburban Spain

AT A7) Duplex _
Band = Duplex f " Common N Subset Uplll‘lk " Downlink " spacing " Channel bandwidths
mode® U 7 | (MHz) name of band (MHz) (MHz) (MHz)
(MHz)
1 FDD 2100 IMT 65 1920 — 1980 2110 - 2170 190 5,10, 15, 20 &* Register
2 FDD 1500 PCS 25 1850 — 1910 1930 — 1990 80 1.4,3,5,10,15, 20
ae® Torrent " [y .,‘_E,,Jl:"\‘
3 FDD 1800 DCS 1710 - 1785 1805 — 1880 95 143,510, 15, 20 ; X\ o ‘T = g\
i \ o 7 0 —
4 FDD 1700 AWS-1 66 1710 - 1755 2110 — 2155 400 1.4,3,5, 10,15, 20 The . = y
L A ¢ SO e ot CV-405 AR y
5 FDD 850 Cellular (CLR) 26 824 — 849 869 — 894 45 14,3510 ST TS e = . &
(.a"“"“ Torrent. " 2 i
7 FDD 2600 IMT-E 2500 — 2570 2620 — 2690 120 5,10, 15, 20 i\ Y - Avinguda', ¥ : /|
» at i 1 ‘ N
8 FDD 900 Exiended GSM 880915 925 - 960 45 14,3510 \ = 'r ,.mn“"’“ . Lf I |
. o"‘él Urbanizacién e r A
11 FDD 1500 Lower PDC 74 | 1427.9-1447.9 | 14759 1495.9 48 5,10 s Mas de la Montanéta }2 /, i — f‘f )
12 FDD 700 Lower SMH 85 699 — 716 729746 30 14,3510 " ;sﬁ Cv-365 Feymmmmmrry g@f :
13 FDD 700 Upper SMH 777 - 787 746 - 756 -31 5.10 e N - | W \15{"(\ HorL oAb
I X - 1 g
14 FDD 700 Upper SMH 788 — 798 758 — 768 -30 5,10 § ] RN TP, Hol
. ' N 3 ¥
17 FDD 700 Lower SMH 12, 85 704 — 716 734—T746 30 5,10 “’ﬂ’ } 3 3 }( Hort de L
18 FDD 850 Lower 800 (Japan) 26 815—830 860— 875 45 5.10, 15 NeNB ID 457824 | - 3 ! 1], =
: - d
19 FDD 850 Upper 800 (Japan) 26 830 — 845 875— 890 45 5,10, 15 =| Bands 3,20 : 5 [
20 FDD 800 Digital Dividend (EU) 832 — 862 791 - 821 -41 5,10, 15, 20 | % fl-"% . i FE
: A et 1 &
: 1., - ;

Monte Rea o

.5“‘““ \\-\ﬁ

Data

£
L
.-'b
3
;\oL
4
&

"fromMob\.‘ﬂg Network Operator A7,
\!. /

-
a7 i @ A i
- Collegi

El Vedat

i"r_.l':"F'[ t Sant josep

NB! This is a simulation, NOT an actual coverage plan
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Scenario 3: Vodafone Valencia Frequencies

N N N (9|

1 1 1 1

(7¢) (7% (72 (72
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Scenario 3: Family in a Suburb - Sub-Urban Scenario

Directional Antenna:

« Reduces interference from other
directions

« Higher throughput, but limited to specific
base station capacity

- Dependant to cellular tower availability

1

=) ° '

‘\‘IIIIIIIIIIIIII. :

K ~~~~~~ ',’

\s\ 1

\\\\\ I,I .
Directional Antenna | el == J
birected at @ “m a0 T I
specific Cellular FH FH HH
Base Station

MJK XPOL-2-5G
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Scenario 4: Rural Australia, Telstra

My uncle stays in
the Outback
near Perth

Where do you live?
and

Which operator do

yOU Use?




Scenario 4: Rural Australia, Perth Rural - Telstra

Bang o DUPEX L F Common . Subset Uplink!* 2] . Downlink!* 3] . ::;:?; . Channel bandwidths
mode® U 7 | (MHz) name of band (MHz) (MHz) (MHz)
{MHz)

1 FDD 2100 IMT 65 1920 — 1980 2110 - 2170 190 5,10, 15, 20 B it inslon
2 FDD 1900 PCS 25 1850 — 1910 1930 — 1990 80 14, 3,5, 10,15, 20
3 FDD 1800 DCS 1710 — 1785 1805 — 1880 95 1.4.3.5.10.15 20
4 FDD 1700 AWS-1 66 1710 - 1755 2110 - 2155 400 143,510, 15, 20
5 FDD 850 Cellular (CLR) 26 824 — 849 869 — 894 45 14,3,5 10 )
7 FOD 2600 IMT-E 2500 — 2570 2620 — 2690 120 5,10, 15, 20 ) 6%2*3952,1:?322 ———
8 FDD 200 Extended GSM 880 - 915 925 — 960 45 14,3,5 10 3552.1;391
1 FDD 1500 Lower PDC 74 | 1427.9-1447.9 | 14759 14959 48 5,10 |
12 FDD 700 Lower SMH 85 699716 729745 30 14,3,5 10
13 FDD 700 Upper SMH 777787 746 - 756 -31 5,10
14 FDD 700 Upper SMH 788 — 798 758 - 768 -30 5,10
17 FDD 700 Lower SMH 12, 85 704716 734746 30 5,10
18 FDD 850 Lower 800 (Japan) 26 §15- 830 860 — 875 45 5,10, 15
19 FDD 850 Upper 800 (Japan) 26 830 — 845 875 890 45 5,10, 15
20 FOD 800 Digital Dividend (EU) 832 - 862 791 - 821 -4 5,10, 15, 20

= ' = J Pork

Piesse Brook

eNB ID 591525
Bands 3*

Paulls Valley
7}

Hacketts Gully

Walliston Bickley

Carmel

NB! This is a simulation, NOT an actual coverage plan




Scenario 4: LTE Frequencies - Telstra Australia

410 - 470 MHz 698 - 960MHz 1427 - 1517 MHz 1710 - 2170 MHz 2300 - 2500 MHz 2500 - 2700 MHz 3400 - 3800 MHz 5000 - 6000 MHz
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Scenario 4: Farmer or Country Estate — Rural Scenario

Directional Antenna: Solve Distance issues

Highest gain, highly directional, connects to one Base Station only

o
=
3::_

Pole mount installation

XPOL configuration using 2"9 LPDA-92 with special bracket

2 X LPDA =2 x 2 MIMO = enhanced performance
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Comparing Equal Bandwidth (symbol/sec) to
Download Movies?




Built Environment & RF Clutter Types

Rural Suburban Urban Dense Urban

Agricultural/farming,
open fields, grass lands,
small villages, etc.

Sparse residential, Dense housing, 2 to 3 City Centres (CBD), High-
Freestanding Houses, etc. storeys rise buildings, etc.

XPOL-1-5G ; X v v v vv v

OMNI-600

XPOL-2-5G

DIRECTIONAL DIRECTIONAL

T,
LPDA-92 TLWJ*HH V V V V V V V
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List of cheat sheets/links on our website

« Which antenna short list:

https://poynting.tech/articles/which-lte-antenna-do-i-use/

« The long version: https://poynting.tech/how-to-choose-an-antenna/

« Popular LTE Frequencies:

https://poynting.tech/articles/common-cellular-and-wi-fi-frequency-cheat-sheet/

« Cellular tower and coverage mapping service:

https://www.cellmapper.net/map

« Frequency Bands: https://en.wikipedia.org/wiki/LTE_frequency_bands

« Signal Strength Cheat Sheet: https://poynting.tech/articles/signal-strength-measure-rsrp-rsrg-and-sinr-
reference-for-lte-cheat-sheet/

« Cable Loss Cheat Sheet: nttps://poynting.tech/articles/cable-loss-cheat-sheet/

Notel Some coax data displayed beyond their tested abilities — shown only for indicative purposes
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E{:_, Thank you!

l"=é, Any questionse

@ iInfo@poynting.tech

Subscribe to our

Youl['i[: CharmEI www.poynting.tech
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