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Interference the problem in todays densed spectrum

‘ VARSI Signal Analyzer

Spectrum (55 Sienal Anabzr . TETRA BOS DL

Save

430.000 16259 MHz -99.25 dBm Analysis Start Time Os

Analysis Time Length Os Device » 390 - 395 MHZ

DRBW 3 kHz :
(D) Hard Disk

Det. : Average Trace Point: 262145 * TETRA ZiViI DL
» 420 - 430 MHz

Save Waveform

CSV DATA

390.000 000 00 MHz

Frequency and Time Level ”
Start Freq. 390.000 000 MHz|| Ref. Level 65.00 dBm Trigger Free Run o

Freq. Span 50 MHz
Capture Length Os Attenuator 10 dB

Ref.Int Pre-Amp On
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Interference the problem in todays densed spectrum

% Interference
» is annoying and
» often frustrating,

» problems are intermittent or : %
» when it seems that a problem has been solved, only to have it return later.

% Efforts to correct interference problems are also often complicated by the fact
that there are several kinds of interference and each requires a different
approach and a different solution.

% Sometimes a "quick fix" will work, more often it does not.

% Provide timely and equitable access to the radio-frequency spectrum by as |
many users and for as many uses as possible, with a minimum of A
interference”.

% But whatis the best tool to use? /// Z

JINCIESHY oo s possive- T




Interference the problem in todays densed spectrum

|/|nritsu 04/01/2014 11:15:59 pr Trace A Ops J
' o

Ref Lvi M1 $30.763 Bdb MHz _ ] 7 i Normal->4
-50.0 dBm {

Input Atten
0.0 dB Max Hold- =4

Detection

i , Min Hold->A
#*RBW

300 Hz

VBW pr ®
100 Hz | Average-=>A

Sweep Time
550 ms

# of Averages

Trace Count
10/10

391.013

Amplitude
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Interference the problem in todays densed spectrum

|/1nritsu 04/01/2014 11:18:54 pm Marker 1/2

Marker

Ref Lvl _ i ) . ) ) ] _ ]
-50.0 dBm ‘ 123456

Input Atten
0.0 dB

Detection
CELS
#RBW
300 Hz “[
VBW ol
100 Hz ‘ | PR Ty [ Peak Search
S
J

Y/ |\|*

Sweep Time
Marker Freq

to

Center
Marker
to

Trace Count e 4
10410 Ref Lyl

Sweep (F ‘ buls
Continuous Peak
Options —p

Freq Ref
Int Std Accy

Center 3390.762 500 MHz
Span 100.000 kHz

Amplitude
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Interference the problem in todays densed spectrum

Table 6.4 Dynamic Reference Sensitivity of TETRA Receivers

Receiving Reference
‘ AR Signal Analyzer Sensitivity Level [dBm)] z
Spectrum Channel Type' BER [%] Mms? Bs*
MKR 1 392.786 96800 MHz -90.25 dBm TCH/7.2 =4.0 =103 =106

TCH/4.8, N =1 <4.0 -103 -106
TCH/4.8, N = 4 <€3.3 -103 -106
TCH/M48, N=8 <3.0 -103 -106
TCHR24,N=1 <11 -103 -106
. TCH/24,N=4 <0.4 -103 -106
e TCHR24,N=8 <0.13 -103 -106
800 "TCH/x.y means traffic channel for x.y kbit/s user bit rate and N is the number of interleaved time
slots.
00 2For dynamic conditions except EQ200.
100.0 *Noise figure 9.4 dB.

*Noise figure 6.4 dB.
1100

-120.0
A130.0

-140.0

[’
150.0 Switching Speed

-160.0
Start 392.536 968 00 MHz
Common LowPhNoise Step Size

Frequency and Time Level i 1.000GHz
Center Freq. 392.786 968 MHz|| Ref. Level 60.00 dBm Trigger Free Run

H
Freq. Span 500 kHz Frequency Band

Mode
[M]
Capture Length Os Attenuator 0 dB R

Ref.Int Pre-Amp On

http://www.amazon.de/ap/search?index=books&linkCode=qs&k
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Interference the problem in todays densed spectrum

WARTPEIN Signal Analyzer o]

Spectrum nw Signal Analyzer ’?
F
MKR 1 39278696800 MHz -91.22 dBm Analysis Start Time 0s || e
Analysis Time Length Os Center
MRBW 100 Hz
Det. : Average Trace Point: 65537

392.786 968MHz

Span = Start

500 kHz 392.536 968MHz

Stop

393.036 968MHz

[’
Switching Speed

Normal

Start 392.536 968 00 MHz
Step Size

com LowPhNoise

Frequency and Time Level i 1.000GHz
Center Freq. 392.786 968 MHz|| Ref. Level 60.00 dBm Trigger Free Run -
500 kHz Frequency Band - 7
Mode ”
Normal

Freq. Span
Capture Length 0s ||@Attenuator 0dB

Ref.Int Pre-Amp On
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S412E
General purpose tool for any kind
installation, maintenance
and interference trouble shooting
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LMR Master S412E

% 2-Port Vector Network Analyzer
» 500 kHzto1.6/6 GHz
» 100 dB dynamic range

% Spectrum Analyzer
» 100 kHzto 1.6/6 GHz
» DANL-152 dBm
% CW/VSG Signal Generator
» 500 kHzto 1.6/6 GHz
» 0to-130dBm, 0,1 dB steps
% Power Meter
» 10MHzto1.6/6 GHz
» High Accuracy Power Meter 50 MHz to 6 GHz
» Inline USB Power Meter 350 MHz to 4 GHz

JINCIESHY oo s possive- T ——
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LMR Master S412E

% Options
» 6 GHz Spectrumanalyzer
6 GHz Vektor Netzwerkanalysator

v

Distance Domain for 2-port VNA

Vector Voltmeter

vy

Testsignalgenerator for NXDN,
DMR Il, P25, NBFM

PSU & High Voltage Bias Tee (SPA, VNA)
High Accuracy Power Meter

Interference Analyzer

Channel Scanner
RSSI Coverage Mapping

Yy v v v v ¥

GPS receiver

JINCIESHY oo s possive- T ——
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LMR Master S412E

% Signal- and Modulation Analysis via
» Over-the-Air Measurement Signal Analysis
» Coverage Mapping (RSSI, BER, EVM, MF)
» Over-the-Air Measurement Signal Analysis

¥ AM/FM/PM Modulation Analyzer
with audio listening

Narrowband FM
P25/P25 11
NXDN

DMR 11

PTC

LTE 10 MHz

IEEE 802.16 Fixed / Mobile WiMAX ~ BCcH decoding

/lnfitsu Discover ihats Fossiie™ www.anritsu.com



Typical
TETRA
Modulation Analysis Measurements
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Vector Signal Analysis

Common Radio Impairments « Gain Imbalance

¢ QuadratureError QuadratureError

/ Imbalances - « DC Offset
¢ Path Difference -Delay

1/Q Modulator

Nt
TX :::"'" BB Filter  pAC

— D

E

Compression

Phase Noise

DAC /DSP error
Wrong filter coefficients

Interferer \
Rx \ Ripple and Tilt I/a Donmluln: _I. -\

Famp \gF Filter

W RF Filter
Il
/

Thermal Noise

i Discover What's Possible™ .
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Vector Signal Analysis

Error Vector Magnitude

% Error Vector Magnitude (EVM)

» is a measure used to quantify the
quality or performance of a modulated
signal from a transmitter or receiver. .

% Insimple terms, if we consider a
constellation diagram

» the EVM is the magnitude of the
difference hetween the measured
vector and the ideal (reference) vector.

MAGNITUDE ERROR
(YQ ERROR PHASE)

ERROR
VECTOR

MEASURED
SIGNAL

IDEAL SIGNAL
(REFERENCE)

i Discover What's Possible™ .
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Vector Signal Analysis

Error Vector Magnitude

S

% EVM is influenced by a number of
I0-parameters

» Phase Error

» Frequency Error
» Magnitude Error
» (Phase)Noise

i Discover What's Possible™ .
www.anritsu.com



Vector Signal Analysis

Error Vector Magnitude

% The constellation plot provides

Y

/I n ri tsu Discover What's Possible™

information on the link quality

Unlike a closed loop BER
measurement, EVM provides
information about the factors
impairing the link that can be
used as diagnostic information
about the degradations that
limit performance

k] ]

]
1
' VPR FRp—-1

Gain Imbalance

I-Q Offsets Phase Imbalance

L T
# * ¥ : 4

Interference

P — — —k o
N -y

Phase Noise Added Noise
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TETRA Analyzer
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TETRA Analyzer

®» The LMR Master TETRA Analyzer and A
TETRA Coverage Mapping options are |

Active

Graph

intended for over-the-air (0TA) use. SR

Eye Diagram

® The TETRA Analyzer

» provides a method to verify the
operation of TETRA repeater and BTSn

» Ability to display
¥ constellation,
% spectrum,
¢ Symbol histogram,
¢ eye diagram graphs

» Summary graph displays numeric values of
received power,

frequency error,

error vector magnitude (EVM), /
Bit Error Rate (BER), S

1Q imbalance,

phase and magnitude errors
symbol rate error

Frequency Amplitude IMeasurement

JINCIESHY oo s possive- o~
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TETRA Analyzer

ETSITS 100 927

» (MCC) - is a 10 bit three-digit code identifying the
country in which the network is set up or a unit is operated; range 0 to 1023

» 204 Netherlands » 222 ltaly

» 206 Belgium » 234 United Kingdom
» 208 France » 262 Germany
. (MNC) - is a 14 bit four-digit code of the TETRA network
operator; range 0 to 16383 (1000 to 1100 for Schengen countries)
. (BCC) - is the number of subscriber group in a network;
range 0 to 63
. (LAC) - Usually a Location Area consists of multiple BSs,

typically managed by a cluster controller (CC). The coverage area of a TETRA
network is divided into a number of Location Areas (LAs). An LA may correspond
to a single cell or to a group of cells; range 0 to 16383 A

JINCIESHY oo s possive- T ——
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TETRA Analyzer

| Anritsu 1141372013 11:52:06 am

Display J

IRLL active Graph

7 500 MHz
Constellation  Ref Lvl -43.0 dBm, 10 dB/div Spectrum 1234
Rx Pattem ——r— 12 1 ——T ot M ¢ ab 2o
None Maximize

[ 010000011000001111101001001001 ]

Active

Graph
0.0 dB Ext Loss Graph Type

Auto Rx Range v

Summal
ON £

gﬁan'lp ” 262 Germany
'Tx Freq - 1 W_M-Lﬂ ; :
""" | Freq3s |
(E(::l.:_illing Summary | Su L Lo )
T; Pattemn Received Pwr -54.97 dBm Mobile CC 106h )
Freq Error ~38.00 Hz Mobile NC 03ESh 3 |
;’,‘__E“"““‘ EVM 2.56% Base CC 09h p 4
: BER 0.000% LAC 16A4h 5796

Tx Output Lvi

0.0 dBm 1Q Imbal -3651dB | Max Xmit Pwr ah S L

olactubudll Phase Error 1.07° TBD 1 2 i 4= 3008 )
—_— Mag Error 1.75% TBD 2 e m )
o il BSECC 1060FA49h TB5-8 Back

‘ Sym Rate Err 0.70 mHz TBD 4

Frequency Measurement

Amplitude Turn Sig-Gen ON
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TETRA Analyzer

nj 01/21/2014 01:53:48 pm |5 & Display
®» The analyzer also reports the BTS o
extended color code(BS ECC), T p—
» mobhile color code (MCC), Mobile NG 08257 -
- B ce 42 TETRA Summary
» mobile network code (MNC), =
LAC 12282
» base color code (BCC), MS Max Tx Pwr 40 dBm
» location area code (LAC), and
» mobile station maximum transmit o
power (MS Max TX Pwr)
» BER and EVM analyses are obtained by

analysis of the TETRA data stream, using
a proprietary algorithm.

/lnfitsu Discover ihats Fossiie™ www.anritsu.com



TETRA Analyzer

Rx Freq

394412 500 MHz
Rx Pattem
TETRA OTA

Mod Type

Base Station

Rx Pwr Offset
0.0 dB Ext Loss
Auto Rx Range
ON

Preamp
ON

|/1nritsu 04/01/2014 02:53:22 am

Spectrum

Display Settings J

TETRA
Brightness

Display Blank

Default Colors

(@]

Black on White

O

Squelch Lvl

-100.0 dBm

Ref Source

Int Std Accy

Frequency

Amplitude

ary Night Vision
Received Pwr  -73.45 dBm Mobile CC 4
Freq Error 3.23 Hz Mobile NC 09998 ey )
EVM 2.59% Base CC 17
BER 0.000% LAC 00549 t—H4
IQ Imbal ~4426 dB |MS Max Tx Pwr 35 dBm Soioronittie
Phase Error 1.13°
Mag Error 1.70% 4
BSECC 0CE9C391h Back
Sym Rate Err 6.71 mHz

Measurement

/nritsu

Discover What's Possible™
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TETRA Analyzer

Rx Freq
194 012 5
Rx Pattem
None

Mod Type
Base Statior

Rx Pwr Offset
0.0 dB EX1 Los

Auto Rx Range
ON

Preamp
ON

Coupling

Tx Pattem

Tx Output

ON

Tx Oulput Lvi
0.0 dBn

Tx Pwr Offset
00dB E4Lo

Squeich Lvi

Ref Source
Int Std Accy

Frequency

MHZ

Received Pwr

ummary

-66.84 dBm

Frequency

TETRA Rx Freq

pecirun 394012 500 MHz

e

R¢/Tx Coupling

On o
Coupling Offset

0 Hz

Mobile CC 106h

Freq Error

-18.49 Hz

Mobile NC 03ESh

EVM

18.13%

Base CC 1Ah

BER

12.800%

LAC 0D02h

1Q Imbal

-34.63 dB

Max Xmit Pwr 4h

Phase Error

7.40°

TBD 1

Mag Error

12.77%

TBD 2

BS ECC

1060FAS5Ah

TBD 3

Sym Rate Err

Amplitude

0.42 mHz

TBD 4

Measurement Tum Sig-Gen OFF
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TETRA
IQ-Data Capturing
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TETRA 1Q capture

Tab delimited data formats

A B C D E F G H I
<LMRIQAnalyzer>
<ProjectDefine>

. The LMR MaSter can capture and Iog ; <Attribute Name="Type" Value="Service" />
TETRA 1Q data to a USB flash drive : Chit NomenieVersor voer" 000/
6 </ProjectDefine>
% The 1Q data is sampled at 4,800 x 11 -

<Params>
<Attribute Name="CaptureDate" Value="01/20/2014" />

9 <Attribute Name="CaptureTime" Value="16/07/05" />
samp les per secon d. 10 <Attribute Name="Format* Value="INT24" />
11 <Attribute Name="CenterFrequency" Value="800000011" />
- 12 <Attribute Name="SamplingClock" Value="52800" />
®» The saved file has an ASCIl header and 13 <Artribute Name="Bandwidth" Value="12500" />
- - - - - 14 <Attribute Name="SampleType" Value="DeltaPhase/Mag" />
b d Th d t 24_ b t 15 <Attribute Name="ReferenceLevel" Value="-14.00" />
I n a ry ata - e a a Is ertte n I n I 16 <Attribute Name="AttenuatorLevel" Value="0.00" />
r = 17 <Attribute Name="CaptureSample" Value="40216 " />
two's complement integer format. - P

19 <Data>Z© %+3-9¢1Ui;E! 41 gy rGiaD#4 i PhiAIQuiB 1N G&WI"M8;i$2uUsiFDupLi

Interleaved Delta Phase (I) data then 20 | 20— G(Oi580'Ci_wii*AiUoyAPOAy* 002X 2GHi<l L"fic™ Ca03-diD&e Hiiidae
21 Toc<LgTi- vi"io¥efiobe”  $12u0xi+i P\ oAURjtPY:, 0V\ax lin"f6iwid | i Su@7IDIOCS taliak
1 H Saw'
Magnitude (Q) data is captured. -
24 | +inpn..BBASfE;0p %ED(EFEICAf0é-— é+Nukcd . u¥¢ Yo" idge3  OPHeS0ON:0EJ6 BasSUD\¢

% The file is intended for post-processing R R N TR T

966- 94°<d R%8" i—6414 | FJIB% LOLERKk  AEé1U§~5eCyb,Uc#DygEcB<iSiicO_adye [-dr-8™ix %

- 27 ©3o»m

|n MATLAB. 28 |Jyo(pli=Ne¢ %.:0-D8: %08a!\  ybb%> A} LigQ™uerJiAZAQEST A%oxeto - ITEW-Y~1kU |4
29 Qe fiAlee PBOY  Suii+} tpkq ;%40 @&epf %Jaue/glloy—""+iA| Eé4rH jidhe ]
30 o+

31 °6f(laEdAat6:6il+%o0 i HO-iHH

i Discover What's Possible™ .
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TETRA
Coverage Mapping
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Motivation for Radio Coverage Mapping

Radio Coverage Mapping was (and still is)

% Expensive
» Due to measurement receiver hard- and software (c.q. TS\WIVI plus ROMESA)
» and especially due to the need for licensed map material

% Wasteful with regard to operator training

Nowadays Radio Coverage Mapping can be

% Inexpensive

% And easy/ intuitive in operation and handling,

% Can be integrated in general purpose measurement equipment,

% Can be purchased subsequently,

There is a slightly need to budge from historical ideas about radio
coverage mapping and its elaborate features.

i Discover What's Possible™ .
www.anritsu.com



Motivation for Radio Coverage Mapping

Outdoor Coverage Mapping (GPS assisted)

® The instrument logs data automatically based on either time or distance interval.
If no map is available when making the measurements, then you can still save
all the data to a KML file and later combine the data file with a map

Indoor Coverage Mapping

% Using a start-walk-stop approach, the instrument provides in-building coverage
mapping by overlaying data directly onto the downloaded map. Data is captured
at user-defined time intervals or user-defined map locations by tapping the
touchscreen.

Triggered Coverage Mapping

% Usinga trigger event from a speedometer, meter wheel or any other trigger
source to perform equidistant measurements.

% Logging up to 4 different RF's (instruments) via external box
% On-Line evaluation done on Laptop / Tablet

i Discover What's Possible™ .
Zinritsu R ——



TETRA Coverage Mapping
Creating an Outdoor Map File with easyMap Tools

® The easyMap Tools program allows you to create a map from map providers
Google and MapQuest.

% Google Maps: Road, Terrain, Satellite, and Hybrid maps.
MapQuest: OpenStreetMaps.

% easyMap Tools ™

File  Settings Help

Address }-Van Beethovenstiaal 8 2800 Mechelen \f‘ Map Type: |

| MapQuest v | Estimated Size ~20MB Cancel
enain
Coverage Map Detail Map
o G"*’U’?&“ —r 3 A %’ﬁ;ﬁ‘. ‘
] % J S fi d
S g 4
Pf o ;
7 &

/I n ri tsu Discover What's Possible™

www.anritsu.com



TETRA Coverage Mapping

| Anritsu 101372013 07:43:36 pm 7 5] = e Coveaavianin
% : TETRA O
~ -
< 2 4 % Analyzer_b
v /b%*,
\x"? 7 V Save/Recall
;f \ . Points/Map___
‘S;}’ A £ 4‘“‘3&3‘ o4 ‘
e 5 4 @ Mapping Type
% —>
Coverage RSSI
%%' 3 Legend
_
4 A @g - \ -\9/ Setup
i / 2 4 ;\Gf Display T
'\4%&’ 7 > ho S //“ splay Type
J&.f,qg’ fﬁ Q%,% = M Graph
1~ %, 1
N Y-y TETRA
&
: & 1Q Capture
O\)
» Nutzungsbedingungen Point

Rx Freq

i Excellent: >=-70.0 dBm . Fair: >=-100.0 dBm
3 500 MHz

Rx Pattem
Very Good: >=-80.0 dBm .Poor: <=-100.0 dBm

Mone
Auto Rx Range

ON Good: >=-90.0 dBm -100.0 dBm

-70.0 dBm

Distance/Time
Setup —p

Frequency I Amplitude I Setup | Measurement

I Start Data Collection tart Data Collection

A nri tsu Discover What's Possible™
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TETRA Coverage Mapping
TETRA Coverage Mapping - RSSI mode (instrument view)

| Anritsu 10222011 0357.10pm @D NS 1S Es 131 | [ 2

Measurement Setup

o
Harik See
. '
o d Gutz rath
" L
3 Brempt i
“\d«% Dam ‘ ww# p yanr®
0“‘ 5’\& 4 A=
o % Detection
o .
o
! 8 52 ace®
@ -
Osle S By " Kartendlien ©%11 Google, Tele ARRWAIMyunasbedingungen
Excellent: >=-40.0 dBm Fair: == -100.0 dBm

Very Good: >=-60.0 dBm . Poor: <-100.0 dBm

Detection
Peak Good: >=-80.0 dBm

-100.0 dBm -40.0 dBm
l Amplitude I Span l BW I Start Data Collection

i Discover What's Possible™ .
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TETRA Coverage Mapping
TETRA Coverage Mapping - RSSI mode (post processing)

7 P P t‘._;i". s .
% Goole Maps KMZ file VL oL W
» f=2392,4375 MHz 5
RSSI measurement . V% 2o/
Zero Span RBW =1 kHz N EY &, patl N
®» Repeat Distance =50 m : v e
% W Excellent >=-40dBm ALk

N

B Very Good >=-60dBm

1 Good >=-80 dBm
Fair >=-100 dBm

B Poor =< -100 dBm

4
© %
ad 7

i Discover What's Possible™ .
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TETRA Coverage Mapping
TETRA Coverage Mapping - RSSI mode kml-file Google Earth upload

kotensee

{Schwalmtal

liederkruchten

i Discover What's Possible™ .
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TETRA Coverage Mapping

% When comparing analog modulation to digital modulation it is critical to
recognize that, while there is little difference in performance and audio
quality in good signal areas, there is a major difference between analog and
digital modulation in poor signal areas.

% Analog modulation degrades slowly with more and more background noise as
the signal gets weaker

% Even though it may be difficult to understand a weak signal, with some care a
message can be passed

% Digital modulation is perfect until there is not enough signal for the decoder to
work properly. When this happens the signal is muted and no communication
Is possible. There is even no indication that someone is attempting to
communicate.

% Another critical concern when comparing analog to digital modulation i

digital encoder can not process audio intelligibly when there is high#
background noise. //

/| nri tsu Discover What's Possible™
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TETRA Coverage Mapping

TETRA service — Analog versus digital communication

Area where there is little

A difference between digital and Are:d wlhc:‘re d'igital
analog modulation. __modutation has
improved intelligibility.
p— P .*.*’“ﬁ"he——
\

Area where digital
modulation is muted
DIGITAL "
MODULATION but analog modulation

still provides some
communications.

SPEECH QUALITY

ANALOG
" MODULATION

>

DISTANCE FROM TRANSMITTER
OR
RECEIVED SIGNAL STRENGTH

i Discover What's Possible™ .
www.anritsu.com




e —
TETRA Coverage Mapping

I/Inritsu 02/04/2014 03:30:18 pm Coverage hMapping

TETRA
Rx Freq
429800 200 MHz
Rx Pattem
TETRA OTA v ! ! : Save/Recall
Mod Type wH—r—T—T—1 N I
B ation ; : ! ; ‘ Points/Map ~
Rx Pwr Offset f % ! ! -
30.0 dB Ext Loss . | R S I S — Mapping Type
Auto Rx Range
ON

Preamp
ON

BER vs. Time

er 100.0

Point

Squelch Lvi B 7 » Distance/Time
: B Sefup  —p

Ref Source -
Int ¢ Received Pwr

-55.64 dBm

Back

Frequency Amplitude Measurement Start Data Collection

Anritsu ottt www.anritsu.com



TETRA Coverage Mapping

EVM is quite high, ~50 %.

EVM should be <5 % fora

strong or good signal.

The BER < 10 % most of the time,
but occasionally rises to more
than 100 %. For a strong signal,
the BER would be well under 5 %.
BER greater than 100 % is
provided to indicate that even
though the signal was above the
squelch level, it was so poor that
the BTS Synchronous Channel
could not be decoded.

This decoding is essential for any
receiver analyzing a TETRA
downlink signal.

/INCIESY oo

Caverage Mapping

[ Anritsu ozmazz014 03:30.18 pr

Saye/Recall
F'O\myMap_'
Mapping Type

BER

Display Type

Map Graph

Foint

Squelch Lvl DistancesTime
=30.0 dEm

Sefup —»

- 03:0242 ) ) 03:29:4¢

Ref Sourc <

o sk Recelved Pur EVM BER Back
-85.84 dBm 59 65%. 5.833% a—

Frequency Amplitude Measurement Start Data Collection
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TETRA Coverage Mapping

N 51° 12’ 57" E 6° 137 5" Amplitude

| Anritsu 101122013 101236 an €GO
Ref Lvl -40.0 dBm

Ref Lvl -40.0 dBm, 10d

500 MHz
Rx Pattem
None ’.‘ YVertical
Mod Type E
Bas on FAIF Scale
Rx Pwr Offset | ’Hf
0.0 dB Ext ] |

Lulﬂr"l’[\’l‘ﬂ If

Auto Rx Range
OFF

Preamp Auto RX Range
ON

Rx Power Offset

Close to BTS

On Off.

Tx Freq
500 MHz

o BER Ref Per 5.0
Coupling

ON

Tx Pattem

|
|
|
|
Tx Output |
|
|
|
|
|

OFF

Tx Output Lvi
0.0 dBm

Tx Pwr Offset
0.0 dB Ext

Drive start
Tx Power Offset

rl_jl || 0.0 dB Ext Loss
uu
Squelch Lvl

SR Received Pwr

Ref Source -78.56 dBm
GPS Hi ¢ /

Mod Fid

11.35% 0.000%

Frequency Amplitude Measurement Start Data Collection
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TETRA Coverage Mapping

[ Anritsu 10122013 125725 pm G

Benden T
Dilborne, si""ﬂo

®» BER measurement

» Outdoor and
Indoor

» The correct way to
characterize a digital
modulation format

Schuisht 208

qrale

Haupt®!
@

EVM measurement
also possible

RSSI vs BER,
RSSI vs EVM or
BER vs EVM

FOWERED BY

Excellent: <=0.50 %

392

00 MHz
Rx Pattem

Mone
Auto Rx Range

OFF Good: <=2.00 %

Very Good: <=1.00 %

N 51° 12" 54" E 6° 13" 1" Points Distance/Time

Repeat Type

Time  Distance

4

Repeat Time

Schwalm| 1801

Repeat Distance

25.00m

Distance Units
Radeveekes

# Bruch und

Littelforster Bruch

21
Kartendaten ©2011 GeoBasis- .,..@2005.‘ fe Lini

Delete
ALL

Fair: <=3.00 % Points

.Poor: >3.00 %

3.00 % 0.50 %

Frequency

Amplitude

Setup Measurement

Discover What's Possible™

/nritsu
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TETRA Coverage Mapping
TETRA Funkversorgung - BER mode Google Earth kml-file upload

Point# 471
GPS Locked

Longitude: 6174140

Latitude: 51.214718

Altitude: 107 meters / 352 feet

UTC Date and Time: 1013/2013 10:44:15
Systern Date and Time: 10/12/2013
12:43:37

Measurement:
RSSI(dBm)
-103.45
BER(Percent) ‘jHom e
583

MODFID(Percent) g i
045 Schwalmtal

Setup: ¢ 5 5
Mapping Type BER :

Frequency 382.787 500 MHz
Rx Pattern None
Excellent < = 0.50
Very Good <=1.00
Good == 2.00
Fair==3.00

Poor greater than 3.00

Error: None

Route: Hier hin - Yon hier

i Discover What's Possible™ =
Zinritsu R —



TETRA Coverage Mapping

RSSI Indoor Coverage Mapping - start-walk-stop approach

IAnritsu 10/13/2013 08:01:41 pm = : Coverage Mapping

HU-Hs u
Jl

(HU-132)

Save/Recall

PolntsfMap_.

Mapping Type
RSSI

Legend

Setup

Display Type
Map

Graph

s
N TR B
— W
Ty a I
T

I hwwss —— Point Touch screen
Distance/Time
Setup  —»

Excellent: >=-70.0 dBm .Fair: »>=-100.0 dBm

Rx Pattem

Very Good: >=-80.0 dBm .Puor: <=-100.0 dBm Back

None

Auto Rx Range
ON Good: >=-90.0 dBm

—

-100.0 dBm -70.0 dBm

Frequency I Amplitude I Setup I Measurement I Start Data Collection

i Discover What's Possible™ .
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TETRA Coverage Mapping

Indoor Coverage Mapping

% Indoor map parameters
» Screen size in 666 x 420 px
» Possibility to ,sub-tile” large indoor maps
» Export into CSV-format possible

» Work in progress for , large” indoor plan
handling

(1

/l n ri tsu Discover What's Possible™
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TETRA Coverage Mapping

Indoor Coverage Mapping

i Discover What's Possible™ .
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TETRA Coverage Mapping

Tab delimited data formats with all relevant information

A B | C [ D | H | | J | K | L | M| N

1 <ANRITSU>

2 |FILE_MODE=

3 |MODEL=S412E/10/15/18/25/27/31/431/501/609/5621/522/531/632/641/642/546/5691/692/721/722
4 SN=1211049

5 (UNIT_NAME=

6

7 DESCR=/card0/usr/ghmt.mtd
EDATE:ZOI4-02-27-04-07-49-56 Scale:

9 BASE_VER=T4.71.5052 Excellent > 0.0 dBm
10 APP_NAME=SPA Very Good >  -20.0 dBm

11 :APP_VER=TB.I 1.5062 Good >  -40.0dBm

12 | APP_MODE=1 Fair> -100.0 dBm

13 Poor lessthan  -100.0 dBm

14 = Begin SPA Setup
15 | <APP_SETUP>

16 VERSION=1

17

18 <APP_DATA>

19 #Pt GPS Status Longitude(X) Latitude(Y) System Date System Time RSSI{dBm) Frequency RBW VBW Detection
20 Point# 1 GPS Not Locked 333 210 02/27/2014  07:40:27 -98.4 391687454 MHz 1kHz 10Hz  Peak
21 .Point‘f‘ 2  GPS Not Locked 399 237 02/27/2014 07:40:33 -93.1 391687454 MHz 1kHz 10Hz Peak
22 .Point,-? 3 GPS Not Locked 384 193 02/27/2014 07:40:37 -86.9  391,687454 MHz 1kHz 10 Hz Peak
23 _Point—,‘ 4  GPS Not Locked 356 170 02/27/2014 07:40:40 -83.8  391,687454 MHz 1kHz 10Hz Peak
24 Point#5  GPS Not Locked 323 160 02/27/2014 07:40:42 -82.4  391,6874564 MHz 1kHz 10Hz Peak
25 .Point,‘—,‘ 6 GPS Not Locked 2n 170 02/27/2014 07:40:45 -91.1  391,6874564 MHz 1kHz 10Hz Peak
26 .Point-? 7  GPS Not Locked 240 193 02/27/2014 07:40:47 -89.5  391,687464 MHz 1kHz 10Hz Peak
27 IPointf‘r‘ 2 GPS Not Locked 194 178 02/27/2014 07:40:49 -87.0  391,687454 MHz 1kHz 10 Hz Peak
28 lPOiI"Iwa' 9  GPS Not Locked 101 119 02/27/2014 07:40:52 -91.9  391,687454 MHz 1kHz 10Hz Peak
29 _Point».-‘ 10 GPS Not Locked 146 162 02/27/2014 07:40:56 -88.2 391687454 MHz 1kHz 10Hz Peak

4

i Discover What's Possible™ .
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Tunnel
Coverage Mapping
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Tunnel Coverage Mapping

®» Transit officials are noticing "nulls" in
radio coverage spots inside the tunnels

® Would like to verify radio coverage after
having deployed a new radio service
(e.g. TETRA)

Determine and analyze the radio signal
strength

The analysis will help to identify RF coverage
“nulls” or prove radio coverage along rails
within the tunnels and stations and allow
remedial actions where necessary A

JINCIESHY oo s possive- T




Tunnel Coverage Mapping

Example of tunnel radio coverage for a Metro Transit System

45 EDA ICRCS
CRCS . 41+00
Arten? \ :"Rﬂirsna - Artenna 7
DA :
\ 10+0D
55 1 A

&
<0
(=]
o

RSSI Level (DBm)

(A AR EEE A ER N NT .‘COOOOOOOOCOOOOMOOOQO ...lk.......l
1

Juonel

BDA
161+00

/

1 MWL

|:’> 90.7875 (Mhz)

/' n ri tsu Discover What's Possible™
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Tunnel Coverage Mapping

Example of a typical tunnel radio coverage measurement

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
-60 T e TSL N I 0 GO G B B e e S e o e e e I e s o e LT B VL e e i v e e

—392,5182 —— 392,7455 — 390,7000 —— -----------
-70
LA
N L P
l'| ' BLU
— i “l‘l ,'L‘ | ’
E 4 ""fjjl’{ll |
| I
SRR
/R |
g 100 l: ! "J Ul ML H
o) = i T VW M | ' NN
I | " PN | 'Y
| i i»‘ | " Lﬁi Ll d Sy ‘.;lq‘ it [
110 ur T 'W nl |F ‘ !p\; E ””rr I
] \f I . 1\'5"‘“ |
i I | ' ] |
120 i t e H f
-130
i #Messpunkt Ausfahrt

Where is my position inside the tunnel?

- 2 /s P ) - .
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Tunnel Coverage Mapping

Triggered Coverage Mapping (Beta release)

o LMRRemote il
File Modes About
Connection Config | Display |
Connection Devices f Configuration \ Connection Remotes
Centre Frequency (Hz) Zero SPAN Sweep Time (s) Find Remotes
[ Find Devices 391M663 |60m Found Remoteses
Zero SPAN RBW (Hz) Zero SPAN VBW (Hz)
30k |10k
| [ | Penip Reference Level (dBm)
\!_1 Daal Natartinn -70 )
Configuration
Centre Frequency (Hz) Zero SPAN Sweep Time (s) Find Ramotes:
391M663 | |6om
ZexoSEANROW 0ke) Zen AW G L) Device 1 Device 2 Device 3 Device 4
30k 10k
] ereamp Refum Level (dBm)
[] Peak Detection -70
Trigger Source Triggertime (s)
Triggered intemal ~|[ss
Load Config
Configure

/I n ri tsu Discover What's Possible™

www.anritsu.com



Tunnel Coverage Mapping

Triggered Coverage Mapping (Beta release)
E e — N ———

| File Modes About

IR M [ Meas_Stresstest.stm - Notepad g@lrzl
I File Edit Format View Help s and Display
Measurement with "Anritsu, MS2713E/25/27/31/10/19/21/90/509/431,1217061,1.51" on Mi Mrz 5 2014 at 13:56:36 &
-40 Start
.50 L
-60 Centerfrequency: 698,0812 MHz RBW: 1 MHz VBW: 300 kHz
qE1 ::g s/~ SweepTime: 20 ms Reflvl: <40dBm PeakDetection: OFF
1 TriggerSrc: INT_TIMER TriggerTime: 100 ms PreAmp: ON
-100
S N— 0 13:63:07
01234567 -81.2 1 13:63:07
. . -81.4 2 13:53:08
: £ re_F: 1.98e+09 H
. . |-81.8 3 13:63:08 .efe+06 H§+ z
[ I -51.8 4 13:53:09 [ 300000 Hz
-82.1 ] 13:53:10 :S_Tg‘g’d&ﬁ? 2
-82.4 6 13:63:10 koet: oF
-81.9 7 13:83:11 i 1
= -81.4 8 13:53:11
800 -80.9 9 13:63:12 i
600 3 -80.5 10 13:63:112 Time
400 3 -80.5 " 13:83:13 1
200 3 -80.8 12 13:63:14 2
a -80.7 13 13:63:14
o 1808 14 13:53:15
0 -80.8 18 13:53:15
o 3 -81.1 16 13:53:16
[ -B81.2 17 13:6317 3

i Discover What's Possible™ .
www.anritsu.com



Tunnel Coverage Mapping

Triggered Coverage Mapping (Beta release)

- LMR Remote: - o IEN|

File Meodes Window About

| Comection Config | Dispay |

=75 ﬂ Options and Display

I
h .

i | | !
. / IR 1 NI /(MMV*LL
Wl A IRINNIN S
VA VO VA L R W ol

V &Mlg’l Orange <

8][][2][2 |

; Configuration ReConfig

|over Pulse

i Discover What's Possible™ .
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Horizontal Scan Measurements
with
Channel Scanner

i Discover What's Possible™ .
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Horizontal Scan Measurements

Problem and Goal

Problem

% Get the azimut of several BTSn on different frequencies in order to
link a repeater to a BTS

Goal
% Get this information just with one 360° scan

®» Measurement shall be GPS referenced

% Use of a directional antenna with high gain, good front-to-back ratio and a
quite narrow halfpower heamwidth

i Discover What's Possible™ .
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Horizontal Scan Measurements

| Anritsu 01042012 121330 €Y NS 1S EE1F0 S -
Select tem to Edit
#  Standard Channel  Freq Bandhwidth
Tetra 390-40( 3708 392.700 MHz :
2 Telra 330-400 MHz DL 3703 392.725 MHz 25.000 kHz
3 Telra 390-400 MHz DL 3710 392.750 MHz 25.000 kHz
4 Tetra 390-400 MHz DL 3711 392775 MHz 25.000 kHz Channel
S Tetra 390-400 MHz DL 3n2 392,800 MHz 25.000 kHz
6 Tetra 390-400 MHz DL 3713 392,625 MHz 25.000 kHz Set
7 Tetra 330-400 MHz DL 3714 332,850 MHz 25.000 kHz Freq
8 Telra 390-400 MHz DL 3715 392,875 MHz 25.000 kHz
9 Tetra 390-400 MHz DL 3716 392.900 MHz 25.000 kHz Set
10 Tetra 390-400 MHz DL 317 392,925 MHz 25.000 kHz
Bandwidth
Done
Editing
Scanner I amplitude I Custom Scan I Measurements

/| nri tsu Discover What's Possible™
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Horizontal Scan Measurements

IAnritsu 01/04/2012 12:14:41 pm @@ N51°12°54"E6°13°1" Measurements
Display

Power (dBrm) Graph Table
-1054 S ’

-117.4 .
n Ssec Of
-116.7 o

-66.0 Channel Units
-655 ]

-112.5

-1071

-110.0

-115.5

-117.6

N/ Luent

Channel Freg

Units Display

N/A Color Code
N/A

N/A
N/& Graph Orientation

Single Dual

N/A
N/&
N/&
N/&
N/A

Vertical Horizontal

Scanner Amplitude Custam Scan Measurements

Anritsu bl www.anritsu.com




Horizontal Scan Measurements
(TETRA) Channel Scanner — Script Master display

£8 Script Master Channel Scanner Results - E:\temp\0305180332_1\SCRIPT_MASTER_L0G20120305180332.cs

% Parallel measurements ofup |~ soaoe —_— —
to 20 GPS referenced =
channels on the instrument
display e [

»1 NONE

11378
-117.38

116136
11818

. D oc ume ntati on vi a 3 NONE IFm 3925375 003 .
ScriptMaster Tool | | | | | e

4 NONE 3702 3925625 003 11776

% Spektrum monitoring or o
spectrum clearing " ] el il (s = -
measurements without o e | m | mes o = o

&
H

complicated configurations | | | | | 2 | g

7 NONE 3705 3926375 003 18192

-116.176
a8 NONE 3706 3926625 -117.088

i Discover What's Possible™ .
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Horizontal Scan Measurements
(TETRA) Channel Scanner — Script Master Nutzung

®» Example of serving BTS 'n azimut " 242 ;
» 45°and 2 "‘==5- !

. m ,,

/' n ri tsu Discover What's Possible™



Handheld based emitter location
MA2700A

i Discover What's Possible™ .
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Handheld Emitter Location
MA2700A

= MA2700A offeres

» Built-in electronic compass

» Built-in GPS receiver

» Built-in preamplifier

» Trigger for saving vectors
= Easy no-tool attachment of antenna
= Ergonomic design

= Light weight

/lnrltsu piscover s Fossive www.anritsu.com



Handheld Emitter Location
MA2700A Specification

Power Consumption

Preamplifier On 0.6 Watts
Preamplifier Off 0.5 Watts
Preamplifier
Bandwidth 10 MHz to 6 GHz
=8 dB: 10 MHz to 2.4 GHz
Gain 25 dB: >2.4 GHz to 4 GHz

= 3dB: > 4 GHz to 6 GHz

Electronic Compass

Power Powered from USB
Accuracy < 5°
Interface USB

GPS Receiver

Satellites Tracked 12 (maximurn)

Cold start: 30 s, typical, with a clear view of the sky
Warm start: 2 s, typical, with a clear view of the sky

Position Uncertainty |+ 2 meter, typical

GPS Locking Time

Tripod Mount

|1/4 - 20 UNC x 7 mm

Size and Weight

Size 303 mm x 220 mm x 70 mm (11.9 in x 8.7 in x 2,76 in)
Weight <1kg(2.21b)

i Discover What's Possible™ .
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Handheld Emitter Location
MS2700A - typical results

| Anritsu 01042013 082049 am @ED N a7 wiziesv 2t [ Interference Mapping

p° & ’S&'

* &, —
D g
s ; Save/Recall

Bearing Lines

5% Y 4 Points/Map___

Direction Finding
— —4¢
Pan & Zoom
Sound

[} ——'.‘
% Reset

Frequency Max/Min

N
§50.000 MHz Hold ‘

Back

1o
Detection S Roll: -5°

s - —
Faak -72.00 dBm Signal Strength -25.00 dBm
I Amplitude I BYW I Measurements I

14 Mapping

i Discover What's Possible™ .
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Handheld Emitter Location
MS2700A - typical results

atiome
*Brempt

Niederkrii<:..en

os

. “Oberkriichten
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Handheld Emitter Location

Available Antennas

Part Number Description
2000-1411-R 822 MHz to 900 MHz, N(f), 10 dBd, Yagi
2000-1412-R 885 MHz to 975 MHz, N(f), 10 dBd, Yagi
2000-1413-R 1710 MHz to 1880 MHz, N(f), 10 dBd, Yagi
2000-1414-R 1850 MHz to 1990 MHz, N(f), 9.3 dBd, Yagi
2000-1415-R 2400 MHz to 2500 MHz, N(f), 10 dBd, Yagi
2000-1416-R 1920 MHz to 2170 MHz, N(f), 10 dBd, Yagi
2000-1659-R 698 MHz to 787 MHz, N(f), 8 dBd, Yagi B =
2000-1660-R 1425 MHz to 1535 MHz, N(f), 12 dBd, Yagi
2000-1727 Monopod

i Discover What's Possible™ .
www.anritsu.com



_— -
Handheld Emitter Location

Available Antennas

= 300 MHz to 5 GHz (USLP 9143) )
» Frequency: (0.25) 0.3 -5 (7) GHz ' USLP 9143
» Gain: 4-7dBi typ. '

» Antenna factor: 14 - 42 dB/m VSWR -

typ.: <18 g H”Hﬂn
» Weight: 0.8 kg ok 22 [ ””nuﬁm
» Max. Input Power: 100 W - 180 |

» Connector: N-female

430

i Discover What's Possible™ .
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Handheld Emitter Location

Available Antennas

= 1to 18 GHz (ESLP 9145)

» Nominal Frequency range: 1 - 18 GHz

» Useable Frequency range: 0.7 - 20 GHz R

» Connector: N(f) Connector 0l 22 %ﬁ

» Mounting tube: =22 mm, L=185 mm 182 |

> Isotropic gain: typ. 6 dBi +/- 1.2 dB _

» Antenna Factor: 22 ... 50 dB/m 290 -
» SWRtyp.:<2 500 =
» Max. Input Power: 20 W

» Half-Power Beamwidth (E-plane): 55° (70° -40° )

» Half-Power Beamwidth (H-plane): 85° (130° -65° )

» Dimensions: 500 x 240 x 40 mm

» Weight: 900 g

i Discover What's Possible™ -
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TETRA
BTS power measurements

i Discover What's Possible™ .
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TETRA BTS Power measurements

= Power sensor RF range 350 - 4000 MHz
= Dynamic Range +3 to +52 dBm (2 mW to 150 W)

= sensor employs a "dual path" architecture that
enables True-RMS measurements like CW,
Multi-Tone and digitally modulated signals

= Forward direction path with 4 MHz bandwidth
in order to measure PEP power, crest factor,
CCDF, and burst average power

= Reverse direction path for reverse power,
reflection coefficient, return-loss, and SWR

= Stand alone operation via LAN or USB
together with PC / Laptop

= QOperation with Option 19 “High accuracy
power meter” on LMR Master S412E or other
HH units

/lnritsu it www.anritsu.com



TETRA
Measurement antennas

i Discover What's Possible™ .
www.anritsu.com



Measurement antennas

Groundplane antenna

/' n ri tsu Discover What's Possible™

210°

150°

CH1S11logMag 5B/ REF 0dB

START 380.00 MHz

STOP 470.00 MHz

www.anritsu.com

1:-17.903d8
380 MHz

2:-17 432 dB
470 MHz




Measurement antennas

Directional antenna

®» Horizontal Scan

® Technical specification
» TETRA RFrange
» Gain=12dBi
» HPBW=36"
» F/B>20dB

i Discover What's Possible™ .
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