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Basic Safety Instructions

Always read through and comply with the following safety instructions!

All plants and locations of the Rohde & Schwarz group of companies make every effort to keep the safety
standards of our products up to date and to offer our customers the highest possible degree of safety. Our
products and the auxiliary equipment they require are designed, built and tested in accordance with the
safety standards that apply in each case. Compliance with these standards is continuously monitored by
our quality assurance system. The product described here has been designed, built and tested in
accordance with the EC Certificate of Conformity and has left the manufacturer’s plant in a condition fully
complying with safety standards. To maintain this condition and to ensure safe operation, you must
observe all instructions and warnings provided in this manual. If you have any questions regarding these
safety instructions, the Rohde & Schwarz group of companies will be happy to answer them.

Furthermore, it is your responsibility to use the product in an appropriate manner. This product is designed
for use solely in industrial and laboratory environments or, if expressly permitted, also in the field and must
not be used in any way that may cause personal injury or property damage. You are responsible if the
product is used for any purpose other than its designated purpose or in disregard of the manufacturer's
instructions. The manufacturer shall assume no responsibility for such use of the product.

The product is used for its designated purpose if it is used in accordance with its product documentation
and within its performance limits (see data sheet, documentation, the following safety instructions). Using
the product requires technical skills and, in some cases, a basic knowledge of English. It is therefore
essential that only skilled and specialized staff or thoroughly trained personnel with the required skills be
allowed to use the product. If personal safety gear is required for using Rohde & Schwarz products, this
will be indicated at the appropriate place in the product documentation. Keep the basic safety instructions
and the product documentation in a safe place and pass them on to the subsequent users.

Observing the safety instructions will help prevent personal injury or damage of any kind caused by
dangerous situations. Therefore, carefully read through and adhere to the following safety instructions
before and when using the product. It is also absolutely essential to observe the additional safety
instructions on personal safety, for example, that appear in relevant parts of the product documentation. In
these safety instructions, the word "product" refers to all merchandise sold and distributed by the Rohde &
Schwarz group of companies, including instruments, systems and all accessories. For product-specific
information, see the data sheet and the product documentation.

Safety labels on products

The following safety labels are used on products to warn against risks and dangers.

Symbol Meaning Symbol Meaning

Notice, general danger location | O ON/OFF supply voltage

Observe product documentation

Caution when handling heavy equipment @ Standby indication

Danger of electric shock — Direct current (DC)

> B>
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Basic Safety Instructions

Meaning Symbol Meaning

Warning! Hot surface ~r Alternating current (AC)

Protective conductor terminal —~_ Direct/alternating current (DC/AC)

Ground I:l Device fully protected by double (reinforced)
insulation

Ground terminal EU labeling for batteries and accumulators

For additional information, see section "Waste
disposal/Environmental protection”, item 1.

Be careful when handling electrostatic sensitive
devices

EU labeling for separate collection of electrical
and electronic devices

For additonal information, see section "Waste
disposal/Environmental protection”, item 2.

Warning! Laser radiation

For additional information, see section
"Operation", item 7.

> > EEE@

Signal words and their meaning

The following signal words are used in the product documentation in order to warn the reader about risks
and dangers.

Indicates a hazardous situation which, if not avoided, will result in death or
A DANGER serious injury.

Indicates a hazardous situation which, if not avoided, could result in death or
serious injury.

A WARNING

Indicates a hazardous situation which, if not avoided, could result in minor or
moderate injury.

Indicates information considered important, but not hazard-related, e.g.
NOTICE P 9

messages relating to property damage.
In the product documentation, the word ATTENTION is used synonymously.

A CAUTION

These signal words are in accordance with the standard definition for civil applications in the European
Economic Area. Definitions that deviate from the standard definition may also exist in other economic
areas or military applications. It is therefore essential to make sure that the signal words described here
are always used only in connection with the related product documentation and the related product. The
use of signal words in connection with unrelated products or documentation can result in misinterpretation
and in personal injury or material damage.
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Instrucciones de seguridad elementales

Se parte del uso correcto del producto para los fines definidos si el producto es utilizado conforme a las
indicaciones de la correspondiente documentacion del producto y dentro del margen de rendimiento
definido (ver hoja de datos, documentacion, informaciones de seguridad que siguen). El uso del producto
hace necesarios conocimientos técnicos y ciertos conocimientos del idioma inglés. Por eso se debe tener
en cuenta que el producto solo pueda ser operado por personal especializado o personas instruidas en
profundidad con las capacidades correspondientes. Si fuera necesaria indumentaria de seguridad para el
uso de productos de Rohde & Schwarz, encontraria la informacion debida en la documentacion del
producto en el capitulo correspondiente. Guarde bien las informaciones de seguridad elementales, asi
como la documentacion del producto, y entréguelas a usuarios posteriores.

Tener en cuenta las informaciones de seguridad sirve para evitar en lo posible lesiones o dafios por
peligros de toda clase. Por eso es imprescindible leer detalladamente y comprender por completo las
siguientes informaciones de seguridad antes de usar el producto, y respetarlas durante el uso del
producto. Deberan tenerse en cuenta todas las demas informaciones de seguridad, como p. €j. las
referentes a la proteccidon de personas, que encontraran en el capitulo correspondiente de la
documentacioén del producto y que también son de obligado cumplimiento. En las presentes
informaciones de seguridad se recogen todos los objetos que distribuye el grupo de empresas

Rohde & Schwarz bajo la denominacién de "producto”, entre ellos también aparatos, instalaciones asi
como toda clase de accesorios. Los datos especificos del producto figuran en la hoja de datos y en la
documentacién del producto.

Seializacion de seguridad de los productos

Las siguientes sefiales de seguridad se utilizan en los productos para advertir sobre riesgos y peligros.

Simbolo Significado Simbolo Significado
Aviso: punto de peligro general | O Tension de alimentacion de PUESTA EN
. MARCHA / PARADA
Observar la documentacién del producto
Atencién en el manejo de dispositivos de peso @ Indicacion de estado de espera (standby)
A elevado
| 18 ko |
f Peligro de choque eléctrico — Corriente continua (DC)
2 Advertencia: superficie caliente ~ Corriente alterna (AC)
Conexion a conductor de proteccion e Corriente continua / Corriente alterna (DC/AC)
Conexion a tierra D El aparato esta protegido en su totalidad por un
aislamiento doble (reforzado)
Conexién a masa Distintivo de la UE para baterias y
acumuladores

Mas informacion en la seccién
"Eliminacion/proteccion del medio ambiente”,
punto 1.
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Instrucciones de seguridad elementales

Simbolo Significado Simbolo Significado

Distintivo de la UE para la eliminacion por
separado de dispositivos eléctricos y
electronicos

Aviso: Cuidado en el manejo de dispositivos
sensibles a la electrostatica (ESD)

Mas informacion en la seccién
"Eliminacion/proteccion del medio ambiente”,
punto 2.

Advertencia: rayo laser

Mas informacién en la seccion
S, | "Funcionamiento", punto 7.

Palabras de seial y su significado

En la documentacion del producto se utilizan las siguientes palabras de senal con el fin de advertir contra
riesgos y peligros.

A PELIGRO Indica una situacion de peligro que, si no se evita, causa lesiones
graves o incluso la muerte.

Indica una situacion de peligro que, si no se evita, puede causar

A ADVERTENCIA lesiones graves o incluso la muerte.

Indica una situacion de peligro que, si no se evita, puede causar

A ATENCION lesiones leves 0 moderadas.
Indica informacién que se considera importante, pero no en relacién
con situaciones de peligro; p. ej., avisos sobre posibles dafios
materiales.

En la documentacion del producto se emplea de forma sinénima el
término CUIDADO.

Las palabras de senal corresponden a la definicidn habitual para aplicaciones civiles en el area
econdémica europea. Pueden existir definiciones diferentes a esta definicion en otras areas econémicas o
en aplicaciones militares. Por eso se debera tener en cuenta que las palabras de sefal aqui descritas
sean utilizadas siempre solamente en combinacion con la correspondiente documentacion del producto y
solamente en combinacion con el producto correspondiente. La utilizacion de las palabras de sefial en
combinacién con productos o documentaciones que no les correspondan puede llevar a interpretaciones
equivocadas y tener por consecuencia dafios en personas u objetos.

Estados operativos y posiciones de funcionamiento

El producto solamente debe ser utilizado segun lo indicado por el fabricante respecto a los estados
operativos y posiciones de funcionamiento sin que se obstruya la ventilacion. Si no se siguen las
indicaciones del fabricante, pueden producirse choques eléctricos, incendios y/o lesiones graves con
posible consecuencia de muerte. En todos los trabajos deberan ser tenidas en cuenta las normas
nacionales y locales de seguridad del trabajo y de prevencion de accidentes.
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Instrucciones de seguridad elementales

Si no se convino de otra manera, es para los productos Rohde & Schwarz valido lo que sigue:
como posicién de funcionamiento se define por principio la posicidn con el suelo de la caja para
abajo, modo de proteccion IP 2X, uso solamente en estancias interiores, utilizacion hasta 2000 m
sobre el nivel del mar, transporte hasta 4500 m sobre el nivel del mar. Se aplicara una tolerancia de
+10 % sobre el voltaje nominal y de +5 % sobre la frecuencia nominal. Categoria de sobrecarga
eléctrica 2, indice de suciedad 2.

No situe el producto encima de superficies, vehiculos, estantes 0 mesas, que por sus caracteristicas
de peso o de estabilidad no sean aptos para él. Siga siempre las instrucciones de instalacién del
fabricante cuando instale y asegure el producto en objetos o estructuras (p. ej. paredes y estantes). Si
se realiza la instalacion de modo distinto al indicado en la documentacion del producto, se pueden
causar lesiones o, en determinadas circunstancias, incluso la muerte.

No ponga el producto sobre aparatos que generen calor (p. ej. radiadores o calefactores). La
temperatura ambiente no debe superar la temperatura maxima especificada en la documentacion del
producto o en la hoja de datos. En caso de sobrecalentamiento del producto, pueden producirse
choques eléctricos, incendios y/o lesiones graves con posible consecuencia de muerte.

Seguridad eléctrica

Si no se siguen (o se siguen de modo insuficiente) las indicaciones del fabricante en cuanto a seguridad
eléctrica, pueden producirse choques eléctricos, incendios y/o lesiones graves con posible consecuencia
de muerte.

1.

Antes de la puesta en marcha del producto se debera comprobar siempre que la tension
preseleccionada en el producto coincida con la de la red de alimentacion eléctrica. Si es necesario
modificar el ajuste de tensién, también se deberan cambiar en caso dado los fusibles
correspondientes del producto.

Los productos de la clase de proteccion | con alimentacién movil y enchufe individual solamente
podran enchufarse a tomas de corriente con contacto de seguridad y con conductor de proteccién
conectado.

Queda prohibida la interrupcion intencionada del conductor de proteccioén, tanto en la toma de
corriente como en el mismo producto. La interrupcién puede tener como consecuencia el riesgo de
que el producto sea fuente de choques eléctricos. Si se utilizan cables alargadores o regletas de
enchufe, debera garantizarse la realizacion de un examen regular de los mismos en cuanto a su
estado técnico de seguridad.

Si el producto no esta equipado con un interruptor para desconectarlo de la red, o bien si el
interruptor existente no resulta apropiado para la desconexion de la red, el enchufe del cable de
conexion se debera considerar como un dispositivo de desconexion.

El dispositivo de desconexién se debe poder alcanzar facilmente y debe estar siempre bien accesible.
Si, p. ej., el enchufe de conexion a la red es el dispositivo de desconexion, la longitud del cable de
conexion no debe superar 3 m).

Los interruptores selectores o electronicos no son aptos para el corte de la red eléctrica. Si se
integran productos sin interruptor en bastidores o instalaciones, se debera colocar el interruptor en el
nivel de la instalacion.

No utilice nunca el producto si esta dafiado el cable de conexion a red. Compruebe regularmente el
correcto estado de los cables de conexion a red. Asegurese, mediante las medidas de proteccion y
de instalacién adecuadas, de que el cable de conexion a red no pueda ser dafiado o de que nadie
pueda ser dafiado por él, p. €j. al tropezar o por un choque eléctrico.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Instrucciones de seguridad elementales

Solamente esta permitido el funcionamiento en redes de alimentacion TN/TT aseguradas con fusibles
de 16 A como maximo (utilizacién de fusibles de mayor amperaje solo previa consulta con el grupo de
empresas Rohde & Schwarz).

Nunca conecte el enchufe en tomas de corriente sucias o llenas de polvo. Introduzca el enchufe por
completo y fuertemente en la toma de corriente. La no observacion de estas medidas puede provocar
chispas, fuego y/o lesiones.

No sobrecargue las tomas de corriente, los cables alargadores o las regletas de enchufe ya que esto
podria causar fuego o choques eléctricos.

En las mediciones en circuitos de corriente con una tension Ut > 30 V se deberan tomar las medidas
apropiadas para impedir cualquier peligro (p. €j. medios de mediciéon adecuados, seguros, limitacion
de tension, corte protector, aislamiento etc.).

Para la conexion con dispositivos informaticos como un PC o un ordenador industrial, debe
comprobarse que éstos cumplan los estandares IEC60950-1/EN60950-1 o IEC61010-1/EN 61010-1
validos en cada caso.

A menos que esté permitido expresamente, no retire nunca la tapa ni componentes de la carcasa
mientras el producto esté en servicio. Esto pone a descubierto los cables y componentes eléctricos y
puede causar lesiones, fuego o dafos en el producto.

Si un producto se instala en un lugar fijo, se debera primero conectar el conductor de proteccion fijo
con el conductor de proteccion del producto antes de hacer cualquier otra conexion. La instalacion y
la conexion deberan ser efectuadas por un electricista especializado.

En el caso de dispositivos fijos que no estén provistos de fusibles, interruptor automatico ni otros
mecanismos de seguridad similares, el circuito de alimentacion debe estar protegido de modo que
todas las personas que puedan acceder al producto, asi como el producto mismo, estén a salvo de
posibles dafios.

Todo producto debe estar protegido contra sobretension (debida p. €j. a una caida del rayo) mediante
los correspondientes sistemas de proteccion. Si no, el personal que lo utilice quedara expuesto al
peligro de choque eléctrico.

No debe introducirse en los orificios de la caja del aparato ningun objeto que no esté destinado a ello.
Esto puede producir cortocircuitos en el producto y/o puede causar choques eléctricos, fuego o
lesiones.

Salvo indicacién contraria, los productos no estan impermeabilizados (ver también el capitulo
"Estados operativos y posiciones de funcionamiento", punto 1). Por eso es necesario tomar las
medidas necesarias para evitar la entrada de liquidos. En caso contrario, existe peligro de choque
eléctrico para el usuario o de dafos en el producto, que también pueden redundar en peligro para las
personas.

No utilice el producto en condiciones en las que pueda producirse o ya se hayan producido
condensaciones sobre el producto o en el interior de éste, como p. €j. al desplazarlo de un lugar frio a
otro caliente. La entrada de agua aumenta el riesgo de choque eléctrico.

Antes de la limpieza, desconecte por completo el producto de la alimentacion de tension (p. €j. red de
alimentacion o bateria). Realice la limpieza de los aparatos con un pafio suave, que no se deshilache.
No utilice bajo ningun concepto productos de limpieza quimicos como alcohol, acetona o diluyentes
para lacas nitrocelulésicas.
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Customer Support

Technical support — where and when you need it

For quick, expert help with any Rohde & Schwarz equipment, contact one of our Customer Support
Centers. A team of highly qualified engineers provides telephone support and will work with you to find a
solution to your query on any aspect of the operation, programming or applications of Rohde & Schwarz
equipment.

Up-to-date information and upgrades

To keep your instrument up-to-date and to be informed about new application notes related to your
instrument, please send an e-mail to the Customer Support Center stating your instrument and your wish.
We will take care that you will get the right information.

Europe, Africa, Middle East Phone +49 89 4129 12345
customersupport@rohde-schwarz.com

North America Phone 1-888-TEST-RSA (1-888-837-8772)
customer.support@rsa.rohde-schwarz.com

Latin America Phone +1-410-910-7988
customersupport.la@rohde-schwarz.com

Asia/Pacific Phone +6565 1304 88
customersupport.asia@rohde-schwarz.com

China Phone +86-800-810-8228 /
+86-400-650-5896
customersupport.china@rohde-schwarz.com

ROHDE&SCHWARZ

1171.0200.22-06.00
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Conventions Used in the Documentation

The following conventions are used throughout the R&S ViCom Interface Operating
Manual:

Typographical conventions

Convention Description

“Graphical user interface elements” All names of graphical user interface elements both on the screen
and on the front and rear panels, such as dialog boxes, soft keys,
menus, options, buttons etc., are enclosed by quotation marks.

“KEYS” Key names are written in capital letters and enclosed by quotation
marks.

Input Input to be entered by the user is displayed in italics.

File names, commands, File names, commands, coding samples and screen output are

program code distinguished by their font.

"Links" Links that you can click are displayed in blue font.

"References" References to other parts of the documentation are enclosed by

quotation marks.

Other conventions

e Remote commands: Remote commands may include abbreviations to simplify input. In the description
of such commands, all parts that have to be entered are written in capital letters. Additional text in
lower-case characters is for information only.

e Procedure descriptions: When describing how to operate the device, several alternative methods may
be available to perform the same task. In this case, the procedure using the touch screen is described,
where available. Any elements that can be activated by touching can also be clicked using an
additionally connected mouse. The alternative procedure using the keys on the device or the on-screen
keyboard is only described if it deviates from the standard operating procedures as described in the
Quick Start Guide under "Basic Operations".

The terms "select" and "press" may refer to any of the described methods, i.e. using a finger on the touch
screen, a mouse pointer in the display, or a key on the device or on a keyboard.

e
Operating Manual 1505.1329.42 - 12 7


https://www.manualsplus.com/



https://www.manualsplus.com/

R&S ViCom Interface

Important Notes

Key to Technical terms

Abbreviation

Meaning

OTDOA Observed Time Difference Of Arrival

PPS Pulse Per Second

P-SYNC Primary Synchronisation code transmitted on the
UMTS Primary Synchronization Channel (PSCH)

PSCH Primary Synchronisation Channel

R&S Rohde & Schwarz GmbH & Co. KG

R&S TSML-CW Radio Network Analyzer R&S TSML-CW (RF
Continuous Wave measurements (CW))

R&S TSML-G Radio Network Analyzer R&S TSML-G (GSM)

R&S TSML-C Radio Network Analyzer R&S TSML-C (IS95/CDMA
2000)

R&S TSML-E Radio Network Analyzer R&S TSML-E (CDMA2000
EV-DO)

R&S TSML-W Radio Network Analyzer R&S TSML-W ( WCDMA)

R&S TSMQ Radio Network Analyzer R&S TSMQ (Multi Tech)

R&S TSMU Radio Network Analyzer R&S TSMU (Single Tech)

R&S TSMW High-End Radio Network Analyzer R&S TSMW
(Multi Tech)

RMS Root Mean Square

SC Scrambling Code

SIB System Information Block

SSCH Secondary Synchronisation Channel

TDD Time Division Duplex

R&S TSMx Signifies any of the R&S TSML-W, TSML-C, TSML-

G, TSML-CW, TSML-E, TSML-GW, TSMU or TSMQ
scanners.
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R&S TSMx Product Family

2.1.1.3 CDMA 2000

The part of the settings in the CDMA 2000 scanner API that depend on the device type
are basically the same as the ones defined for UMTS. The only difference is that there
is no High Dynamic and High Speed Mode available, so only one maximum

2114

measurement rate is contained in the table below.

TSMU TSMQ TSML-C TSMW
Max. Number of Channels 32 32 6 32
Max. Measurement Rate 12 Hz 12 Hz 12 Hz 12 Hz
Min. Ec/10 threshold for demodulation -20 dB -25dB -10 dB -25dB
Max. Load for demodulation 50% 50% 10% 50 %

LTE

The LTE scanner does not offer support for R&S TSMx devices, so the device specific
parameters table is limited to the R&S TSMW device.

TSMW
Max. Number of Channels 32
Max. Measurement Rate (blocks per sec) 10 Hz

One block (100 ms) contains up to 20 sync signals => 200 sync signals per sec = 200 Hz

2115 WIMAX

The WiIMAX scanner does not offer support for R&S TSMx devices, so the device
specific parameters table is limited to the R&S TSMW device.

TSMW
Max. Number of Channels 32
Max. Measurement Rate 14,5 Hz

2.1.1.6 TD-SCDMA

The TD-SCDMA scanner does not offer support for R&S TSMx devices, so the device
specific parameters table is limited to the R&S TSMW device.

TSMW
Max. Number of Channels 32
Max. Measurement Rate 20 Hz

Operating Manual 1505.1329.42 - 12 13


https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/

R&S ViCom Interface Getting Started
_____________________________________________________________________________________________________________________________________________________|

What you need

Usage: ViComRedistSetup.exe /S /D=<Path-to-destination>

To remove the redistributable package just run the included uninstall program:
vicom_redist _uninstall.exe /S

The normal setup program ViComSetup .exe and its uninstall program
vicom_uninstall .exe supports the same parameters.

This means the installation can be triggered from command line and is performed
without user interaction.

E| PoweraArchiver 2010 Professional - ¥iCOM_14_40.zip gl - O] x|
File Edit Wew Actions Tools Backup Burmer Options  Help |

@R O @ @

M Cpen Favorites fdd Ezckrack Delete Encrypt  Checkout

J Folders = j Wiew -

-___1 Windows =

Mame I Type | Modified I Size | Ratio | Packed | Path j
rE_] WiComChangelog. bxt Text Docum...  29.05.2011 13:00 31.452 Fe% 5.714 E
E WiComRedistSetup.exe  Application 29.05.2011 14:30 12,142,358 01% 12.035.135
E ViComSetup.exe Application 29.05.2011 14:30 38.661.315 00% 358.534.533

4| | |

‘ & = Mo Files Selected Total 3files, 49,644 kB [49.394 kB] Q

&)

The setup installs the ViCom interface dataset, available test application(s) and instrument
utilities including the OptionKeylInstaller and IEEE1394 device driver installer. If the
standard instructions are followed, a RuS directory will be created as follows:

i
Bl Bkl Wicw Fayonies) o Bk | o
Qe - ) - T F CF| oo [0 o | I3 150 X O |[A-
Address [ CARUSIViCom_14,40 =l =
Folders | [ ame_= I Size [ Type | Date Modfied
) ROMES 1 | 2 application File Folder 27.10.2001 10:18
|2) ROMES2GOConerter () Interfaces File Folder 27.10.2011 10:18
] D ROMES4, 11 \{jManual File Folder 27.10.2011 10:18
B 33 ¥icom_14.20 \ﬁFm]e(t File Falder 27.10.2011 10:18
‘i'j Vicom_L4.21 xQSamp\eForErrurHandler File Falder 27.10.2011 10:18
‘a ViCom_L4.25 w_ﬂsamp\eForVwComcdmaZUUU File Falder 27.10.2011 10:18
[ 5ampleForvicamcyy File Folder 27102011 L0:18
) 5ampleForviComGPs File Folder 27.10.2011 10:18
\bSamp\aFurV\CumGSMNWS File Folder 27.10.2011 10:18
() SampleForviComLTE File Folder 27.10.2011 10:18
(25 SampleForviComLTE_cmd File Folder 27.10,2011 10:18
B 'D Manual x{jSamp\eForvwcomRFFowerScan File Falder 27.10.2011 10:18
& Project (L) SampleForViCamRFPamersca... File Folder 27.10.2011 10:18
B sarrkEstErai e D sampleForiConR 5232 File Folder 27.10.2011 10:18
1) SampleForYicomCdma2000 (22 SampleForviComWcdma3GppPns File Folder 27.10.2001 10:18
(2 SampleForviComCw DEEmp\EFUFV\CUmW\MaX File Folder 27.10.2011 10:18
) SempleForYicomGes | | 5 5ampleForviComiiMax_cmd File Folder 27.10.2011 10:18
15 SampleForiComGSMNWS w;TDDk File Folder 27.10.2011 10:18
[ () sampleFervicenLTE €9 vicorn_urinstall exe 63KE  Application 27.10,2011 10:18
) SampleFarvicomLTE.cnd [E) vicomsamples.sin 7B SLNFie 01072011 15:46
1) SampleForYiComRFPower Scan
SampleForviComRFPower SanT S
SampleForyiComR5232
SampleForvicomtcdma3GppPns
SampleFarvicomtyiMas:
122 SampleForvicomtimax:_cmd &l
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3.131

ViCom Interface Files

Getting Started
What you need

The ViCom API can only be used when a specific set of files is installed on the target
machine. In this section, the list is given. For each technology, there are some specific
DLLs that are required only for the technology besides a basic set of files.

General Files

These are the files that are necessary to run any of the provided technologies.

Dynamic Libraries:

Supporting Files:

Header Files

AppSpecificRuSLogFilelnterface.dll
CMS_IMD.dIl

CMSDecCDMA.dII
CMSDecGPRS.dIl

FFTW.DLL

IMD_Base.dll

k1394api.dll

libfftw3-3.dll

libfftw3f-3.dll

log4cxx.dll

ModulePool.dll
PhylisCrashReport.dll
PhylisEnvironmentinfoProvider.dll
PhylisFilterDesigner.dll
PhyliskernelMessageModule.dll
PhylisLowLevelErrorMessageHandler.dll
PhylisTimer.dll

RSToolbox.dll

TsmuWorker.dll

TsmwAdmin.dll

TSMWWorker.dll
UmtsL3DeclfcMod.dll

ViComResourceManager.dl|

ELF (Firmware) Files:
TSMx_Application.elf
TSMX_Bootware.elf
PEC Files:
TSMUFrames.pec
TSMWFrames.pec
Microsoft Libraries:
MFC71.dll

mfc100.dll
msvcp71.dll
msvcpl100.dll
msvcer71.dll
msvcr100.dll
Configurarion Files:
PhyliskernalRuntimeRouting.txt

Processldent.txt

ViComBasicErrors.h
ViComBasiclnterface.h
ViComBasiclnterfaceData.h
ViComError.h
ViComLoader.h

ViComRawDataProcessor.h

ViCom WCDMA interface files

To run the ViCom WCDMA API and/or the BCCH demodulator, the list of common files
is completed with the following entries:

Dynamic Libraries

Header Files

UmtsDemodulator.dll
UmstPnsOption2.dll
ViComWCDMA3GppPns.dll
ViComWcdma3GppPnsw.dll

ViComWcdma3GppErrors.h
ViComWcdma3GppPnsinterface.h
ViComWcdma3GppPnsinterfaceData.h

Operating Manual 1505.1329.42 - 12
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ViCom GSM Network Scanner related Files

Dynamic Libraries

Header Files

GS3Worker.dll
GsmbDemodulator.dll
ViComGSMNWS.dll
ViComGSMNWSw.dlI

ViComGSMNWSErrors.h
ViComGSMNWSiInterface.h
ViComGSMNWSInterfaceData.h

ViCom CDMA 2000 Files

Dynamic Libraries

Header Files

Cdma2000Pns.dll
C2kDemodulator.dll
ViComCdma2000.dll
ViComCdma2000w.dll
EvdoDemodulator.dll
EvdoPns.dll

ViComCdma2000Errors.h
ViComCdma2000iInterface.h
ViComCdma2000InterfaceData.h

ViCom RF Power Sc

an Interface Files

Dynamic Libraries

Header Files

SpectrumWorker.dll
ViComRFPowerScan.dll

TsmwSpectrum.dll

ViComRFPowerScanErrors.h

ViComRFPowerScanlnterface.h

ViComRFPowerScaninterfaceData.h

ViCom LTE Scanner

Files

Dynamic Libraries

Header Files

LteDemodulator.dll
LteScanner.dll
ViComLtew.dll

LteMimoScanner.dll

ViComLteErrors.h
ViComLtelnterface.h

ViComLtelnterfaceData.h

ViCom WIMAX Files

Dynamic Libraries

Header Files

WiMaxDemodulator.dll
WiMaxScanner.dll
WiMaxScannerSync.dll
ViComWiMAXw.dll

ViComWiMaxErrors.h
ViComWiMaxInterface.h
ViComWiMaxInterfaceData.h

ViCom TD-SCDMA Files

Dynamic Libraries

Header Files

TDSCdmaScanner.dll
ViComTDSCDMAw.dII

ViComTdScdmaErrors.h
ViComTdScdmalnterface.h
ViComTdScdmalnterfaceData.h

Getting Started
What you need
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_____________________________________________________________________________________________________________________________________________________|

Using the Demodulators

44.1.2 Demodulation Modes

The demodulator API allows you to specify in detail when and how often a message
type shall be decoded. The available options depend on whether the decoding is
defined at start of the measurement, or if a single demodulation request is issued
during the measurement.

Start of Measurement

When a measurement is started, for each channel and message type the following
decoding modes can be set:

e Demodulate Once (0): Each message type is only decoded one time for each
basestation. After a decoding result is available, the message type is hever updated
again. Fastest solution, but can lead into troubles (in rare cases) when using on long
drive tests and the same basestation indices are assigned to different basestations.

e Repeated Demodulation (2): Decode a message as fast as possible, an dthen
again after N seconds. In the API, the delay is specified in 100 ms, so a value of 10
means a delay of approx. 1 second. The delay specifies the time the demodulator
waits after a complete demodulation of the SIB has been finished before a new
one is started. As a consequence, the new result will be available after the delay
plus the time needed to perform a new demodulation.

For an example, refer to the figure below. A repetitive demodulation of SIB 7 (in the
case of WCDMA) is demonstrated. After the SIB7 has been demodulated
completely, the R&S TSMx does not attempt to do another demodulation until the
delay time has elapsed. Afterwards the next demodulation attempt is started.

The same applies to other technologies as well.

New demodulation

Command
siB7 | siB7,| siB7, ‘ Delay ‘ siB7 | SIB7,| SIB7,

Total Time = Delay + Demodulation Time

Figure 6 Automatic Repetitive Demodulation

e Demodulate on Command (1): The message is not decoded automatically. A
special decoding command has to be sent during the measurement to start
decoding, which must then specify for which Node B the demodulation shall be
done.

It is important that for each channel and message type combination that has to be
decoded at some time during the measurement, one of those three settings is specified
before the measurement is started. For messages that shall not be decoded all the
time but only in special cases, the “Demodulate on Command” setting must be chosen.

HE
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Using the Demodulators

All those settings apply to all basestations found on one channel. Basestation specific
decoding is only possible during measurement (see below).

The numbers in braces after the demodulation type refer to the number that is
assigned to the mode in the API. Since they are part of an enumeration, names similar
to the appropriate meaning are also available, so you normally want to deal with those
identifiers.

During Measurements

In some cases it might be desired to save resources and decode messages only for
special basestations or under certain circumstances. As mentioned above, for such
messages the “Decode on Command” setting has to be specified before a
measurement is started. At any point when a measurement is active, it is then possible
to issue one of the decoding commands below:

e Demodulate BTS (3): For a special basestation / Node-B on one channel, this
command tries to decode a defined message. To avoid too much resource
allocation, a time-out can be specified when using this command. If the specified
time is consumed and no decoding could be done, no result is returned and the
resources are freed for other tasks. The timeout can be 0 as well, in which case
the demodulation is performed until it succeeds.

e Demodulate BTS High Power (4): Similar to the mode described above, but utilizes
more receiver resources, since no probability calculation is done to reduce
resource allocation like above. The R&S TSMx then does all it can do demodulate
the result in the given time constraint (if specified).

As for the “Demodulate BTS”, a time-out can be set for this operation in which it
must complete. Otherwise, the request is stopped. The time-out can again be 0,
which tells the R&S TSMx to try demodulation until it succeeds.

Both commands have a second variation. The difference is that in both cases that old
results might be returned if available. These commands are: “Demodulate BTS (Old)”
(7) and “Demodulate BTS High Power (Old)” (8). The old content can be deleted with
the Reset command described below.

Itis also possible to clear the contents of the internal message containers associated
with a channel and the BTS. Two commands are designed for that purpose:

e Reset BTS Demodulation Cache (5): Clears only the frame container content
within one basestation of a channel. This can be used to explicitly restart
demodulation for a specific cell.

e Reset Channel Demodulation Cache (6): This clear all demodulation results associated
with a channel. After this command, the demodulation for that channel will restart
according to the configuration made before the measurement was started.

These commands can be issued only during the measurement, of course. Compared

to the commands mentioned earlier, these will have an effect immediately since they

don’t depend on the availability of a signaling. There is no “Undo” functionality for this,
so use these carefully if you work on a highly efficient R&S TSMx/TSMW project.
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Debugging and Error Handling

4.6.2.2 Registry

The default error handler DLL that is shipped with the ViCom delivery is called
PhylisLowLevelErrorMessageHandler.dll (or
PhylisLowLevelErrorMessageHandlerd.dll in debug mode) and can be used
to control the behavior using the registry.

In the key “"HKCU\SOFTWARE\Rohde&Schwarz\PhylisModules”, the two values
“DisableLowLevelMessages” and “DisableLowLevelMessagelLogFile” can be used to
control whether message shall be written to a file and if message boxes shall be
displayed.

If the first value is set to a value not equal to 0, the message will not get written to a file
named LowLevelPhylisMessage XXX.txt, where XXX is replaced by a
timestamp. If the second value is specified and set to a value which unequals 0, no
message boxes are shown.

e
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View Favorites  Tools  Help
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Sample Application
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I |
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Ensure that R&S ROMES demo is not currently running, and double click on the
executable file SampleForViComWcdma3GppPnsRelease.exe.
There is only one screen in the test application, shown below.

Sample Application for ViCom WCDMA 3GPP PN-Scanner
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Receiver Selection
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Sample Application

The “Set..” buttons correspond to interface functions that set parameters in the
scanner. An initial set of default values will appear in the settings fields (circled in ring
3, and the two long fields in the centre of the window). These can be edited in the
fields, and sent to the scanner by clicking the corresponding button.

Note that the PN scanner has its own set of default values for all parameters except the
frequencies. The PN scanner will use its own default values, unless they have been
overridden by interface function calls using the dialogue buttons. Because there is no
default value for the frequency in the PN scanner, at least one frequency must be set using
the “Set Frequencies” dialogue button, before any measurements can be taken.

The PN-Scanner settings remain in the scanner until new interface functions are
called, and the only exception to this is the settings for the BCH demodulator. These
settings are channel specific and set to default values (PDU 17 (SIB 3) for each
channel) when frequency settings are changed (see below).

Other buttons in the figure above correspond to interface functions that deal with
measurements, and with unloading the scanner. “Start Measurement” starts the
scanner measuring. “Get Result Counters” causes the current number of measurement
results in the ViCom interface buffer to be displayed, as well as the number of
measurements that have been deleted if the buffer has overflowed.

“Get next 100" causes the application to get the next 100 measurement results from
the interface buffer, Results are either stored or thrown away, according to the radio
buttons in the Store Mode box. If stored, the results will be written to the file
ViComMeasurements, in the sub-directory \Application\LogFiles.

The figure below shows the two central text boxes in the GUI. In the left hand space,
can be entered the frequency or frequencies at which the PN scanner should search,
together with a number that is the local channel (frequency) identifier for the
measurements. Please note, that although a default value appears in the GUI, this is
not entered in the scanner until the “Set Frequencies” button has been clicked.

CDMA 3GPP PN-Scanner

Frequencies,MHz Stark Measurement During Measurerment
new line = Ctrl+Enter Channel  PDU Mode  t[100ms]  Chanmel SC SCID FDU Mode t[100ms]
new line = ChrH-Entker niew line = ChrH-Enker
2167200000 O u] 17 1] o u] 429 u] 15 3 o
2112800000 1 0 15 1 i}
2132600000 2 1 17 a a
2157200000 3 2 17 1 o
3 17 2 10
3 15 z o

In the right hand space, can be entered the PDU values that correspond to the SIBs
that the R&S TSMx should demodulate, if this option is present. Each PDU value must
have a corresponding channel identifier, that must refer to one of the frequencies
entered in the left hand box. Please see Appendix D “UMTS Technical Notes” for
more information about UMTS SIBs, and a table of PDU values corresponding to each
SIB. Please refer to the section BCH Demodulation on page 51.
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BCH Demodulation

Once all required information is available, a decoding result is generated and made
available to the caller. In the example, after the first 8 frames have been dispatched, SIB
13, 1 and 3 are ready to be demodulated for the Node-B with SC 312. To completely
decode the SIB 11, some elements are still missing (these are marked as red element).

Note that the Master Information Block is always decoded, since it is necessary to get
information from the MIB to decode other SIBs. In some networks, the Scheduling
Information Blocks also contain data that is required to decode the SIBs correctly. They
are implicitly decoded as well, if required.

53.11

Frame 10ms

TSMx ‘J BCH Demodulator

SC312/0 sc13/0

MiB | B, | Mg, M8 | miB, | B, |
SIB13 siB13 siB3 | siB3,| SiB3,|
sBL| si1] st | sie1]

Figure 7 BCH Demodulator Measurements

Demodulation Modes

The demodulation settings described in the general chapter apply to the WCDMA
demodulation as well, but there are some special constraints when it comes to
demodulation of the WCDMA messages. These are described below.

The MIB handling differs from the default handling two ways:

e The MIB cannot be requested explicitly, even if it was defined with
PDU_DEMOD_ON_CMD.

e [f the MIB was configured to be reported on request only, it will be reported as soon
as another SIB is reported or requested.

Since this handling is sometimes difficult to understand, we recommend not to change
the default settings unless you definitely know what the modifications mean.

i

Due to internal architectural reasons, it is required to request the SIB 3 for a channel before
other results might be returned. So make sure that for every configured channel, at least
the SIB 3 is in mode PDU_DEMOD_ONLY_ONCE or PDU_DEMOD_REPETITION. If the
mode is set to PDU_DEMOD_ON_CMD, other results will be returned after the first
demodulation request for that SIB 3 has been performed successfully.

This also applies to the MIB.
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5.3.1.2 Performance Measurements

The measurement rate at which decoding takes place is a crucial aspect in the BCH
demodulation module. It was designed to be highly efficient and producing best results
under various conditions. The actual demodulation probabilities are shown in this section.

Laboratory Measurements

One important aspect of the decoder quality is its block error rate. This block error rate
tells one how many packets could not be decoded compared to how many packets
were received in total.

To do a real-world performance measurement, the following test scenario was used: A
R&S TSMU received two signals, one from a R&S CMU that acted as the data sender
and a R&S SMIQ device used to simulate some noise. Both were connected using a
multiplexer to connect to the R&S TSMU.

The E/l, threshold (P-CCPCH) was required to be at most -18 dB. With these
constraints, 17915 PDUs were decoded correctly compared to 18045 received
packets. That results in a block error rate of 0,72%, which is a reasonable value.

Additionally, measurements for lower E./l, were made. The R&S CMU signal was
decreased by 2 resp. 3 dBm to produce the results summarized in the table below:

Table 2 Laboratory BLER Results for R&S CMU/SMIQ Test Environment

Ec/lo (P-CCPCH) BLER
-18dB 0.72 %
-20 dB 40%
-21dB 75%

Field Measurements

To get results under drift, additional measurements were done in a real network
environment. The results are shown in Table 3 below.

The results were produced in an urban area with a maximum delay of 2 seconds
between the E/lo measurement and the demodulation attempt. It can be observed that
with E /I, falling below -11 dB, the demodulation probability decreases below 80%. With
an E/lpvalue of -13 to -14 2/3 of the demodulation attempts still succeed, which should
result in a fairly stable demodulation still.
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Define the frequency table and set the table using the “Set Frequencies” button. In
the table, space-delimited pairs of a frequency and a channel index can be
defined. For a simpler editing, it is also possible to add the frequencies only, one
per line (a new line is started with Ctrl+Enter). The channel indices will be added
automatically when “Set Frequencies” is pressed.

For example, the mid-frequencies 2167.2, 2112.8, 2132.6 and 2157.2 MHz can be
entered. These are the downlink frequencies of the UMTS channels in Germany, if
you perform tests in another county, enter the according values.

new ling = CErl+Enter Chann
new lir

2167.200000 O

2112800000 1 1
Zl3z.e00000 2 2
2157.200000 3 3

i}

Figure 9 Sample Frequency Settings for Germany

As next step press “Set Mode and Rate” button. This applies the values stored in
“Measurement Rate” and “Measurement Mode” Text Fields (shown on the right
side) to the internal data model.

Mark the checkbox “Add SIB Text” and make sure that the Store Mode is set to one
of the “Store Results” radio buttons. Otherwise no demodulation result will be
stored in the output file.

Store Mode
™ Throw Results fway

™ skoe Resulks
* Store\Results without P-Sync CIR

[ Add SJE Text

# Decoder

Decode last POU

Figure 10 Layer 3 Decoder Options in Sample Application

Specify the demodulation settings. Each line in the central list box contains
demodulation settings for one channel/PDU pair. The numbers in the columns
have the meanings defined below:

- The first number is the channel number that can be seen in the frequency list
box. It is used a short-cut to avoid handling with frequencies all the time, which
is much more error-prone.

- The second number is the internal PDU name. Refer to the
CVicomWcdma3GppPnsiInterfaceData: :etPDU enumerationinthe
reference to find the mapping from SIB to PDU.

- The third number is the demodulation mode. A description of the different
modes can be found in the section Demodulation Mod on page 52.

- The fourth and final column contains a timeout, if the demodulation mode is set to
2 (which means repetition mode). The value here is entered in 100 milliseconds.
For example, a value of 10 defines 10 * 100 ms = 1 second as time-out.

To decode all SIB 3 for all four channels, enter the values shown in the screenshot
below. Note that the SIB 1 of the third channel (channel index 2, PDU 15) will not
be decoded from the start, but only after a request (see description below in the
section Issuing a Request during Measurement).
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Please note that all channels have the SIB 3 configured to be decoded at least one
time. This is necessary to get any result.

pCanner

Start Measurement
s Chanrel PDU  Mode t[100ms]
new line = Chrl+-Enter

0 17 0 0
1 17 i} i}
2 17 0 0
z 15 1 i}
3 17 2 10

Figure 11 Channel / PDU demodulation settings

e Start the measurement with the equally named button. If you now click on “Get
Result Counters” button regularly, you will find that new data is collected after the
measurement has started.

e Fetch the results with “Get 100 Results”, so that if one of the store options was
selected and the “Add SIB Text” checkbox was marked. Display the output file
(using “View” button). The file is stored in the ViCom root dir in the file
Application\Logfiles\ViComMeasurements. txt. In the opened text file,
there should be some decoded SIB 3 message that was defined above, if the
demodulation could be done within the 100 results.

You can search for L3 in the file to find demodulation results faster.

File Edit Wiew Insert Format Help

el & # By

TimebelayInCirSamples = 2980, PeakPower in 0.01dEm = -5429 s
SCHFowerValues in 0.01dBm: sInbandPower = -762ZZ, PSCHPower = -8309, SS5CHPower = -
9043,

TimebelayInCirSamples = 2984, PeakPower in 0.01dBm = -59485

MeasResult:

dwChannelIndex = 3

dwPcTimeStamp = S§79550453ms

PduResult: 3C 0x1030(25%) :0 PDU14 with 133 bits
00oo0100000011001000000011010011101000000000100000010001000011100000001000000100100010
011000000111101100101000001101011000010001100011

HeazResult,.ListOLfCPichCirs.dwCount = 0

LSDECDdErResulh: wvalue MasterInformationBlock ::= mib-ValueTag 2, plmn-Type

gsm—-MAP : { plmn-Tdentity { e { 2, G, X

2 Y mme { a, o ' i Y =ikb3b-

Referencelist { { sib2b-Type sysInfoTypel : 66, scheduling

{ scheduling { sibh-Fos reple : 1 i b Yo

{ =ib5h-Type sysInfoType @ 4, scheduling { scheduling

{ sib-Pos rep8 : O b ¥ Y { s2ibhZh-Type

gsysInfoTyped @ 2, scheduling { scheduling {

s2ib-Fos rep3z : Z H ¥ Y { s5ib3b-Type sysInfoType? :

WNULL, scheduling { scheduling { =ikh-Fos repd

=0 H ¥ Y { 3ib3b-Type sysInfoTypeld : 3,

scheduling { scheduling { sib-Fos repls : 1

¥ ¥ Y { 5ib3b-Type sysInfoTypeSBl : 4, scheduling

{ scheduling { sib-Fos reped : 31 ¥ b }

oy

HeasResult:

dwChannellIndex = 3 o
& ! k.
For Help, press F1 UM

Figure 12 Sample Result of BCH Demodulation
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EXEC_VICOM( "'Setting result buffer”,
pcPnScanner->GetBasiclnterface() .SetResultBufferDepth( cError,
55 cResultBufferDepth ) );

//
// The measurement rate and mode must be specified to produce a
// meaningful measurement result.
60 // Set measurement mode to the smallest common divisor, which is HIGH SPEED
//
CViComWcdma3GppPnsiInterfaceData: : SMeasurementRate cMeasRate;
cMeasRate.dwValuePer1000Sec =
CViComWcdma3GppPnsInterfaceData: : SMeasurementRate: : dwMaxPer1000SecForTSML_HIGH_S
65 PEED;
EXEC_VICOM( "Setting Measurement Details",
pcPnScanner->SetMeasurementMode( cError,
CViComWcdma3GppPnsInterfaceData: :MEAS_MODE_HIGH_SPEED, cMeasRate ) );

70 //
// Now a set of frequencies is defined on which a BCH may be found. This
might
// vary in different countries and for different network providers, so the
// value can be changed easily.
75 7/
// Note that depending on the device attached to the system, the maximum
number
// of frequencies differs. For the TSML-W, it is 6, for example.
//
80 // Frequencies shown here are valid for Germany.
//
static double FREQUENCIES_IN_MHZ[] = {
2167.200000, // T-Mobile D
2112.800000, // Vodafone
85 2132.600000, // E+
2157.200000 }; // 02

CViComWcdma3GppPnsInterfaceData: : SChannelSettings cFreqSettings;
cFregSettings.dwCount = sizeof FREQUENCIES_IN_MHZ / sizeof( double );
90 cFreqSettings.pdTableOfFrequencyInMHz = FREQUENCIES_IN_MHZ;

EXEC_VICOM( "Setting Frequency Table",
pcPnScanner->SetFrequencyTable( cError, cFreqSettings) );

95 7/
// Now the demodulation details can be defined. In this sample, different
// decoding strategies are shown that are supported by the ViCom demodulator.
//
CViComWcdma3GppPnsInterfaceData: :S_PDU_Requests::S_PDU_Request PDU_REQUESTS[]
100 =

// Decode SIB 3 only once for channel 0
{ 0, CViComWcdma3GppPnslInterfaceData: :PDU_FOR_SIB3,
105 CViComWcdma3GppPnsInterfaceData: : PDU_DEMOD_ONCE, O, 0, O },
// Decode SIB 1 of channel O only on command (see below for the command
that issues the request)
{ 0, CViComWcdma3GppPnslInterfaceData: :PDU_FOR_SIB1,
110 CViComWcdma3GppPnsInterfaceData: :PDU_DEMOD_ON_CMD, 0O, O, O },
// Decode SIB 3 of channel 1 only once
{ 1, CViComWcdma3GppPnslInterfaceData: :PDU_FOR_SIB3,
CViComWcdma3GppPnsInterfaceData: :PDU_DEMOD_ONCE, O, 0, O },

115 // Decode SIB 3 of channel 2 endlessly without pause, i.e. if a SIB 1 is
detected, it is demodulated
{ 2, CViComWcdma3GppPnslInterfaceData: :PDU_FOR_SIB3,
CViComWcdma3GppPnsInterfaceData: : PDU_DEMOD_REPETITION, O, O, O },

120 // Decode SIB 3 of channel 3 every second
{ 3, CViComWcdma3GppPnslInterfaceData: :PDU_FOR_SIB3,
CViComWcdma3GppPnsInterfaceData: : PDU_DEMOD_REPETITION, 10, O, O },
}:
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125 CViComWcdma3GppPnsInterfaceData: : SBchDemodulationSettings
cBchDemodulationSettings;
cBchDemodulationSettings. IEcToloThresholdInDB100 =
CViComWcdma3GppPnsInterfaceData: : SBchDemodulationSettings: : IMinEcToloThresholdlIn
DB10OForTSML; // == -10 dB
130
cBchDemodulationSettings.sStartMeasurementRequests.dwCountOfPDURequests =
sizeof PDU_REQUESTS / sizeof
CViComWcdma3GppPnsInterfaceData: :S_PDU_Requests::S_PDU_Request;
cBchDemodulationSettings.sStartMeasurementRequests.pPDURequest =
135 PDU_REQUESTS;

EXEC_VICOM( "Configuring BCH demodulator',
pcPnScanner->SetBchDemodulationSettings( cError, cBchDemodulationSettings

) ):
140
EXEC_VICOM( "'Start measurement",
pcPnScanner->GetBasiclnterface() .StartMeasurement( cError ) );
//
145 // The decoding is done until the user manually quits the decoding
// process by pressing some key.
//
cout << endl << "Measurement is active, press any key to stop it";
150 CViComWcdma3GppPnsInterfaceData: : SMeasResult* pcResult = NULL;
while ( ( pcResult = pcPnScanner->GetResult( cError, 1000 ) ) )
{
// Check for keyboard stroke to exit demo
if ( _kbhitQ )
155
break;
3
if (! pcResult->pPduResult )
160
cout << ".';
continue;
}
165 cout << endl << "Channel " << pcResult->dwChannellndex;

cout << " SC " << pcResult->pPduResult->ExtendedSC.wSC;
cout << "/" << pcResult->pPduResult->ExtendedSC.wlndicator ;
cout << " PDU " << pcResult->pPduResult->ePDU << endl;

170 //
// 1f MIB of channel 2 has been decoded, we issue a separate request to
// decode the SIB 3 of that channel. This is possible because the SIB 3
// of channel 2 has been configured to be decode-able on command

175 if ( pcResult->dwChannelIndex ==
&& pcResult->pPduResult->ePDU ==
CViComWcdma3GppPnsInterfaceData: :PDU_FOR_MIB )

//
180 // Decode SIB 1 of channel 0 now. This has to be done per Node-B!
//
CViComWcdma3GppPnsInterfaceData: :S_PDU_Requests::S_PDU_Request
SINGLE_PDU_REQUEST[] =
{
185 {o0,
CViComWcdma3GppPnsInterfaceData: :PDU_FOR_SIB1,
CViComWcdma3GppPnsInterfaceData: : PDU_DEMOD_NODE_B, O,
pcResult->pPduResult->ExtendedSC.wSC / 16 ,
pcResult->pPduResult->ExtendedSC.windicator }
190 };

CViComWcdma3GppPnsInterfaceData: :S_PDU_Requests cRequests;
cRequests.dwCountOfPDURequests =
sizeof SINGLE_PDU_REQUEST /
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195 sizeof
CViComWcdma3GppPnslInterfaceData: :S_PDU_Requests::S_PDU_Request;
cRequests.pPDURequest = SINGLE_PDU_REQUEST;

EXEC_VICOM( "lIssuing a special decoding command",

200 pcPnScanner->IssuePduRequests( cError, cRequests ) );

}

//

// 1f we detect a SIB 3, we try to retrieve the CelllD in the message.
205 //

if ( pcResult->pPduResult->ePDU ==
CViComWcdma3GppPnsInterfaceData: :PDU_FOR_SIB3 )

210 // Now that a PDU has been decoded, it is converted to an ASN.1
// syntax compliant string representation. The input structure is
// Tilled with a copy of the received PDU result bitstream, according
// to the ViCom rule that returned data is only valid until the next
// interface method is called.

215 //
CViComWcdma3GppPnsinterface: : SL3DecoderRequestData cL3PDU;
cL3PDU.m_dwPDU (DWORD) pcResult->pPduResult->ePDU;
cL3PDU.m_dwBitCount pcResult->pPduResult->dwBitCount;

220 DWORD nBytelLen (pcResult->pPduResult->dwBitCount + 7) / 8;
cL3PDU.m_pbBitStream = new byte[ nBytelLen ];
memcpy( cL3PDU.m_pbBitStream, pcResult->pPduResult->pbBitStream,
nBytelLen );

225 EXEC_VICOM( "Decoding SIB 3",
CViComWcdma3GppPnsInterface: :SL3DecoderResultData* pSL3_Data =
pcPnScanner->RetrieveTextForPDU( cError, cL3PDU, 30000 ) );

delete[] cL3PDU.m_pbBitStream;

230
if (! pSL3_Data )
cout << "Could not decode SIB 3! Error " << cError.GetErrorCode() <<
endl;
235 continue;
3
char* pszCellld = NULL;
const char* pszSearchString = *“cellldentity[16 Bit] *;
240 it ( pszCellld = strstr( pSL3 Data->m_pcStringPDU, pszSearchString ) )
{
int nCellld = atoi( pszCellld + strlen( pszSearchString ) );
if ( nCellld )
{
245 cout << "CelllID: " << nCellld << endl;
3
}
3
3
250
EXEC_VICOM( "'Stop measurement',
pcPnScanner->GetBasiclnterface() . StopMeasurement( cError ) );
EXEC_VICOM( "Waiting for stop measurement signal’,
255 pcPnScanner->GetBasiclnterface() .HasMeasurementStopped( cError, 1000 ) );
EXEC_VICOM( "Unloading PN Scanner...",
cBchDemodulator .ReleaseTsmx( cError, false ) );
260 3}
/ /
int _tmain(int argc, _TCHAR* argv[])
265 {
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275

280

BCH Demodulation

try
{

cout << "ViCom BCH Demodulation Demo"™ << endl << endl << endl;
RunBchDemodulationSample();

catch ( CViComError cError )

{
cout << cError.GetErrorString() << endl;
delete [] cError.GetErrorString(Q);
return cError.GetErrorCode();

}

return O;

5.3.3.2 Code Structure

The sample code defined above works similar to the demo application and the steps
described before. To improve readability, a macro is defined to execute a ViCom action
and to convert an error into an exception. Additionally, the current action is logged to
the standard console.

The purpose of the demo code is to find the SIB 3 of a set of frequencies and to
decode the Cell ID information included in the message.

The main method is simply an exception-catch wrapper for the central function. The
central function is not divided into smaller methods to show the required procedure in
one row without referring from one method to the other.

The first steps are to load a WCDMA PN Scanner and to initialize it. In line 34 the PN
Scanner module is loaded. The initialization process that configures the basic
properties of the TSMx/TSMW device follows in lines 43 - 89. This also includes the
definition of the frequency to channel mapping. The channel is implicitly defined by the
position of the frequency in the given array (line 78).

The BCH demodulator is configured in lines 95-118. In this code piece, the PDUs
demodulation settings are defined per channel. The settings are explained in the code
and similar to the example of the demo application.

After the measurement is started (line 135), a loop is started the tries to receive a
measurement result from the PN Scanner. If a result is available, it is checked for a
PDU result (line 152). Before a check is done if the user has requested to quit the
application (by pressing any key).

The result is queried as follows:
while ( ( pcResult = pcPnScanner->GetResult( cError, 1000 ) ) )

The returned value is NULL if no result is available within the defined timeout of 1000
milliseconds. The returned structure is valid until the next interface method is called.

Due to internal reasons, you should not quit the application using Ctrl+X. This does not
allow the program to properly clean up the R&S TSMx, which might lead to problems
when trying to use the device again in the same windows session. If there are
problems, a reboot should solve them.
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When some PDU was found, the code checks if it is the indicator for a special request
(since the SIB1 of channel 0 will requested on command, as defined in the
configuration before). For the special request, a similar workflow is used as during the
BCH configuration (lines 175-192).

One important thing to notice when a specific PDU for a Node-B shall be decoded is
shown below. The Scrambling Code in the measurement result is the primary
scrambling code of the cell. As input for the new request a short SC ranging from 0 to
511 is expected, so the primary scrambling code of the response has to be divided by
16. The indicator must be used as received.

CViComWcdma3GppPnsInterfaceData: :S_PDU_Requests::S_PDU_Request
SINGLE_PDU_REQUEST[] =

{
{o0,

CViComWcdma3GppPnsInterfaceData: :PDU_FOR_SIB1,
(byte)CViComWcdma3GppPnsInterfaceData: :PDU_DEMOD_N
ODE_B, O,
pcResult->pPduResult->ExtendedSC.wSC / 16 ,
pcResult->pPduResult->ExtendedSC.windicator }

}:

To fulfill the purpose of the program, a SIB 3 decoding result is parsed in lines 208-
239. Therefore the received data is copied into a special layer 3 decoder result
structure. This is necessary since one of the main principles in ViCom is that the return
value of a function is valid only until the next ViCom interface method is called, which is
true in this case.

As shown in the excerpt from the code below, the byte length of the answer has to be
calculated before from the number of bits available in the stream. The value must be
aligned to a number dividable by 8 to get the number of bytes required.

DWORD nByteLen (pcResult->pPduResult->dwBitCount + 7) / 8;

cL3PDU.m_pbBitStream = new byte[ nBytelLen ];
memcpy( cL3PDU.m_pbBitStream, nBytelLen,
pcResult->pPduResult->pbBitStream, nBytelen );

In the resulting string, a text with the prefix “cellldentity[16 bit]” is searched, since
according the ASN.1 this is the official name of that information element.

Finally, some resource clean-up is done.
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?  What is the minimum configuration of decoded PDUs that have to be set to make
the decoder work?

I You must request at least SIB3. No SIB PDU result will be provided until SIB3 has
been decoded, because the BCH Demodulator provides each SIB PDU together
with CI (Cell Identity from SIB 3). E.g. if you request SIB 3 (= PDU 17) you will
receive MIB, SIB3 and, if applicable, SB1 and SB2, after SIB 3 has been decoded
by the BCH Demodulator.

? Once a SIB has been decoded for a Node B, is it ever decoded again at a later
point in time?

I Aslong as the system is sure that the same signal is received, the first decoding
result is considered valid and returned. If there is an uncertainty about the signal
source (for the same SC on the same channel, different frame timing or a longer
pause between the measurement points occurred), the decoding process is
repeated. To notify about this event, the scrambling code indicator is incremented.
To be sure to have the same Node B in the case that two results have been found
with two different indicator values, the CelllD must be decoded.

This behaviour can be changed when configuring the measurement. For each
Node B, it is possible to define another strategy how often the PDUs shall be
decoded. It is also possible to reset the stored results cache.

? Is there any effect in changing load for BCH demodulation in ROMES with R&S
TSMx in HiSpeed or HiDynamic mode?

I No, the load is fixed to 10%. This was a quite reasonable value that was found out
with the R&S ROMES. With the NRE for the BCH demodulator demodulations with
much higher priority may be requested. The scheduling is influenced in a way that
the R&S TSMx gets a maximum penalty in measurement rates on 10% between
SIB decoding and not decoding.

? Is there a way to adjust R&S TSMx Sync. Rate in ViCom as it is possible in
ROMES? If yes, how does this affect scheduling?

I If the R&S TSMx is used with ViCom new node Bs are searched on each
measurement. As this procedure (WCDMA synchronisation) is done with the same
RF signal section as all the other measurements (RSCP, CIR etc.) the
synchronisation does not affect the load R&S TSMx or cause additional the
receiver usage. It affects only the processor load at the connected PC. The
difference in processing one RF section with and without synchronisation was up
to 30% in the phase. At present, with more CPU cache, this difference is less than
10%. So we decided to synchronise on each RF sample with R&S ViCom and
simplify R&S ViCom usage by elimination of another parameter. By the way, we
are able to synchronise to a Node-B in the high speed mode when it is visible for at
least 1 ms.
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DWORD dwFrequencyCount = 5;
CViComGSMNWSInterfaceData: : SFrequencySetting* ptFrequencySettings =
new CViComGSMNWSInterfaceData: :SFrequencySetting[dwFrequencyCount ];
memset( ptFrequencySettings, dwFrequencyCount *
sizeof CViComGSMNWSInterfaceData: :SFrequencySetting, 0 );

ptFrequencySettings[ 0 ]-dCenterFrequencylnHz = 935200000;
ptFrequencySettings[ 1 ].dCenterFrequencylnHz = 935400000;
ptFrequencySettings[ 2 ]-dCenterFrequencylnHz = 936600000;
ptFrequencySettings[ 3 ].dCenterFrequencylnHz = 940200000;
ptFrequencySettings[ 4 ].dCenterFrequencylnHz = 950000000;
ptFrequencySettings[ 0 ].bRequestAutoDemodulationOfST3 = true;
ptFrequencySettings[ 1 ]-bRequestAutoDemodulationOfST3 = true;
ptFrequencySettings[ 2 ]-bRequestAutoDemodulationOfST3 = true;
ptFrequencySettings[ 3 ]-bRequestAutoDemodulationOfST3 = true;
ptFrequencySettings[ 4 ]-bRequestAutoDemodulationOfST3 = true;

CViComGSMNWSInterfaceData: : SChannelSettings cChannelSettings;
cChannelSettings.dwCount = dwFrequencyCount;
cChannelSettings.pTableOfFrequencySetting = ptFrequencySettings;

pcGsmScanner->SetFrequencyTable( cError, cChannelSettings );
In this configuration, five channels with the following center frequencies shall be
scanned: 935.2, 935.4, 936.6, 940.2 and 950 MHz. The System Information Type 3

message shall be decoded for every single channel. For more details on this setting,
refer to section “Demodulation of BCCH and System Type Information”.

Time Synchronisation

As time synchronisation mode, only the following subset of potential values is
permitted when used in the GSM network scanner: Internal, GSM and PPS.

6.1.1.3

Measurement Scans

When the R&S TSMx has measured all channels and gathered the results this is called
a scan. One scan always covers the complete band specified by the frequencies
configured before. These channels are measured and processed in groups of at most
ten by the R&S TSMx device due to internal reasons.

Since most of the R&S TSMx devices can perform multiple different measurements in
parallel, it might occur that one scan cannot be performed completely in one row. In
such a case, another measurement task is processed before the scan is continued. A
scan interrupted in that way is finished as fast as possible, but it might be the case that
the API reports some results before the complete task is finished. It is even possible
that some results of a not finished scan have to be thrown away and another scan is
started. The missing parts are then measured as soon as there is time to do so.
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6.1.2.1 Power Measurement

This measurement is the one which is enabled per default for every frequency that is
being measured. It cannot be disabled and will deliver results in every scan. One scan
contains a complete set of power values for all configured channels.

The GSM network scanner is capable of measuring different types of power. Which type is
actually used for a power value is specified as part of the result and explained below.
Total Channel Inband Power

This is the default way of measuring power of a channel. After a channel has been
measured for about 50 ms, the R&S TSMx searches for the part of the signal that
covers highest power and lasts as long as a timeslot.

50 msec

—

Timeslot

Figure 14 Total Channel Inband Power Calculation

Power of the SCH

When the scanner is synchronized on a channel, it can measure the SCH power (time-
slot 0). There are several modes how the SCH power can measured, which are also
returned in the result and described below:

e ETS only: The extended training sequence burst has been found and the power of
burst is returned.

e SCH Demodulation: An SCH demodulation attempt was successful and the power
value is derived from that burst. Once such a demodulation was successful, the
BTS found is managed in so-called Active Set containers. When a later SCH
demodulation fail, it is then possible to relate the signal to a formerly demodulated
BTS using cross correlation algorithm.

The SCH of a BTS is demodulated successfully if the ratio of the SCH power to the
total inband power is greater than -6 dBm. There are two Active Set containers that
are used in different ways.

- Active Set 1: The SCH signal has been demodulated in the last 5 minutes. The
drift of the incoming signal is within -16us and +35pus to be able to process
reflected and faded signals as well. The incoming signal must then have
Psch/Piot Of at least -11 dBm.

- Active Set 2: The SCH signal has been demodulated in the last 30 seconds. The
drift of the incoming signal is within a range of +- 6ps. The power ratio must not be
less than -9 dBm in that case to perform a correlation to the original BTS.
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The code below is an example how the maximum power value in a scan result can be
found. The result normally contains a whole bunch of that power values.

double dMaxPower = -9999.0;

long nFrequency = 0O;
SViComList<CViComGSMNWS InterfaceData: : SMeasResult: :SPowerResult>: :SLinkedObject*
pcPowerResult = pcMeasResult->ListPowerResults.pFirst;

while ( pcPowerResult )

{
if ( dMaxPower < 0.01 * pcPowerResult->sPowerInDBm100 )

{
dMaxPower = 0.01 * pcPowerResult->sPowerInDBm100;
nFrequencylndex = pcPowerResult->wFrequencylndex;

}

pcPowerResult = pcPowerResult->pNext;

}

cout << “Max pow: “ << dMaxPower;

cout << “ Frequency: * <<
ptFrequencySettings[nFrequencylndex].dCenterFrequencylnHz
cout << endl;

6.1.2.2 SCH Measurement

Once a SCH has been demodulated, the GSM network scanner can report the content
of the data send in the SCH burst. This data consists of the BSIC of the BTS and the
frame number, in which that specific SCH was sent.

The information is especially important to start a specific demodulation request of
System Type Information messages. Only after the scanner could successfully
synchronize to as BTS, such a command can be answered. The data can be found in
the CViComGSMNWS InterfaceData: : SMeasResult: :SSCHInfoResul t structure
and can directly be used to fill the request structure for a decoding request (see
below).

6.1.2.3 Counting SCH Measurement Failures

Not every SCH demodulation attempt will be a successful one. For some applications,
it might be useful to know how many failures occurred when SCH demodulation was
requested. Therefore, the GSM network scanner reports the number of failures when
the SCH measurement mode is active.

The power values derived from those attempts can be used as an estimation of the
upper limit of the measured signal. Since the scanner already extracted all channel
information it could from the incoming signal, the remaining signal power is at most the
one from one or more remaining cells (+/- some noise).

The result values are returned in the same way as the default power measurements
described above.
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As a special case, some content of the System Information Type 3 message is
decoded by the scanner itself to gain the current network infrastructure IDs, namely:

Cl
LAC
MCC
MNC

These will be reported in the structure SCel Il ldentResult.

Please refer to the following Demodulation section of the GSM Network Scanner
description to learn more about the new demodulation capabilities. The automatic
demodulation described here is less flexible and complex than the new method.

6.1.2.5 Spectrum Measurement

The GSM network scanner also provides a way to create a spectrum of the GSM
channels defined for the measurement. The spectrum is calculated from a set of raw
measurements, which are the results of the FFTs applied to the digitized signal.

The data from the FFTs is reduced to a configurable number of spectrum power values
for a GSM channel. Therefore, the channel bandwidth of 200 KHz is divided in N
equally sized intervals. For each interval, the highest power value is used as
characteristic value.

From that spectrum data one sub-spectrum result is derived. This time aggregation can
either be done in the same way as described above, or the root-mean-square is
calculated for the set of sub-channel peaks. To illustrate that calculation, the figure
below shows the combination of 3 FFTs to one single sub-spectrum.

Each sub-spectrum is based on a number of FFTs. The number of FFTs is chosen to
best-fit into the collection time constraint specified in the spectrum setting.
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Figure 15 Spectrum Calculation
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There are five sub-channels and three FFTs shown in the example. From the in this
sample highly reduced amount of raw data, the sub-channel data per scan is found by
using the peaks.

For time aggregation, also the peak power value is used: The first and the third sub-
channel have their time peak in the first FFT. The second sub-channel is taken from
the second one, and the last two values are derived from the third FFT.

The settings can be defined in the

CViComGSMNWS InterfaceData: : SSpectrumSpec structure when enabling the
spectrum creation in the measurement details structure. The code fragment below
shows how to enable the spectrum creation in the scanner (during an active
measurement).

CViComGSMNWSInterfaceData: : SMeasurementDetails cDetailSettings;
cDetailSettings.dwCount = 1;
cDetailSettings.pTableOfChannelMeasSpec = new
CViComGSMNWSInterfaceData: : SChannellMeasSpec[1];
cDetailSettings.pTableOfChannelMeasSpec[0] -wFrequencylndex = 0;
cDetailSettings.pTableOfChannelMeasSpec[0] -bMEAS_SPECTRUM = TRUE;
cDetai lSettings.SpectrumSpec.wCountOfPowerValuesPerChannel = 5;
cDetailSettings.SpectrumSpec.wCollectionTimeln100us = 300; // == 30 msec
cDetai lSettings.SpectrumSpec.eFregDetector =
CViComGSMNWSInterfaceData: : SSpectrumSpec: : FREQ_DETECTOR_PEAK;
cDetailSettings.SpectrumSpec.eTimeDetector =
CViComGSMNWSInterfaceData: : SSpectrumSpec: : TIME_DETECTOR_PEAK;

EXEC_VICOM( "Requesting detailed measurements",
pcGsmScanner->RedefineMeasurementDetails( cError, cDetailSettings ) );

delete [] cDetailSettings.pTableOfChannelMeasSpec;

Please note that the spectrum configuration can be changed during the measurement.
Each time the spectrum configuration is changed, the new configuration is used for all
spectrum measurements from then on. It is not possible to create different kinds of
spectrum measurements for different frequencies in the same measurement at one
time.

The results of such a request will be returned as part of the GSM NWS measurement
result in the CViComGSMNWS InterfaceData: : SSpectrumResult structure. The
result contains a set of sub-spectrums. Such a sub-spectrum is the result of the
combined FFTs of all measured channels, as described above.

Within the byte buffer, the data is organized primarily in sub-spectrums. In each sub-
spectrum, the power values from each measured frequency are given in an ascending
order. Data from one frequency is given in one block. This is depicted in the figure
below. The term Af refers to the fraction of one channel that is determined by the
number of power values per channel.
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Sub-Spectrum
Channel 1 Channel 2 Channel 3
Power Power Power Power Power Power Power  Power  Power
42 17 31 14 53 48 27 23 35
f1-Af fo T +Af f-Af i T tAf oA i fg+AF

Figure 16 Structure of Result Buffer

A sample shown below describes that structure and the power value conversion. In
that picture, the buffer is shown in the upper part of the figure. Three sub spectrums
were created in the sample for three frequencies (this implies there is only one power
value per frequency).

In the byte buffer of the result structure, the list of spectrum power values is stored.
Every power value result is specified in a 0.5 dB unit relative to on a minimum value,
which is given in the field SSpectrumResult: :sMinPower InDBm100.

To get the real power values from the bytes in the buffer, the raw data has to be
converted according to this formula:

dPower[i] = 100.0 * pcMeasResult->pSpectrumResult->sMinPowerValuelnDBm100 +
0.5 * pcMeasResult->pSpectrumResult->pbBuffer[ i ];
pbBuffer

42 63 12 45 99 87 31 6 21

IS sMinPowerValuelnDBm100

3 42 63 12 =-10132 -80,32  -69,82 -95,32
Q

£

3

3 45 99 87 79,82  -51,82 -57,82
g

0

o

3 31 6 21 -85,82  -97,32 -90,82
H

wCountOfPowerValuesPerSubSpec

freq,
freq,
freq,

Figure 17 Spectrum Result Interpretation

The sub-spectrums contain the measured channels in the same order as they are
given in the structure ListExecutedMeasSpec. That means, the first
wCountOfPowerValuesPerSubSpec values in the buffer belong to the first entry in
ListExecutedMeasSpec, the second set to the second entry and so on.

6.1.2.6 Channel Power Measurement

The power measurement mode that is enabled per default calculates one characteristic
power value per every 50 msec (circa). Another mode to measure much more such
power values is the channel power measurement mode. In this mode it is possible to
get a very high resolution and therefore a big amount of data from the scanner.

A main concept in the channel power measurement mode is the reduction of the
available signal bandwidth. Instead of using all power values from the 200 kHz
bandwidth of a GSM channel, the GSM network scanner only uses the data from the
156 kHz interval around the center frequency.
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This approach removes the influence of adjacent channels on the channel that is
investigated. Since some of the signal power is therefore lost, the power is divided by
85%, because it has been shown that about 85% of the signal power of a GSM
channel is within a 156 kHz bandwidth.

156 kHz
—

p()

200 kHz

Figure 18 Reduction of used Signal Bandwidth

From the remaining input data, the FFT results are grouped to form one power value.
One group consists of FFTs falling in a time-interval which is a multiple of 40 nsec. The
set of power values calculated from the FTTs is then averaged by a root-mean-square
algorithm to get the single power value of a sub-group.

Please note that the GSM network scanner does not synchronize on the time-slot to
find the real timeslot borders in the channel power measurement mode. The term time-
slot is used in this description and the interface documentation to clarify the calculation
algorithm and the concept of dividing a time period of that length into sub-groups.

Since the calculation of results is a continuous process and can be compared to a
sliding window calculation, time-slot synchronization is not necessary.

For the requested number of result values per timeslot this calculation is repeated. The
algorithm is illustrated in the figure depicted below.

1 Timeslot ~ 577 msec

p(®)
n=5

X*40 nsec

p(t) n=8

Figure 19 Channel Power Calculation Scheme

In the upper part of the sample shown above one time-slot is divided into 5 sub-groups.
One interesting aspect shown is that it is not necessary that always the same amount
of data is used in the average process. This can be seen in the first two groups, where
four resp. five values contribute to the overall result.
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Note that the data shown in the sample is nowhere near the amount of data used in
real-world measurements. This is just another simplification.

It is also possible to create overlapping sub-groups. For example, if you use 500 times

40 nsec blocks for a subgroup and you divide the time-slot in 30 sub-groups, there will

be an intersection of about 760 nsec between the groups. An example for this is shown
in the lower part of the figure.

CViComGSMNWSInterfaceData: : SMeasurementDetails cDetailSettings;

cDetai ISettings.ChannelPowerSpec.wCountOfResultsPerGSMTimeSlot = 30;

cDetailSettings.ChannelPowerSpec.wRMSLengthIn40ns = 500;
/7.

The channel power measurement mode can be configured easily. There are only two
attributes that must be specified: Firstly, the amount of time has to be set in which
FFTs contribute to a power value. These must be done in multiples of 40 nsec.
Secondly, the number of sub-groups within a time-slot must be given. In this way you
can directly control the number of results, since for each measured channel exactly this
number of results will be created.

In the API, the SChanne lPowerSpec structure is used for that purpose and is part of the
SMeasurementDetai I s structure. When the channel power measurement mode is
enabled in the details structure, the Channe lPower Spec field must be configured

properly.

The result of the channel power measurements are similar to the ones created by the
Spectrum mode. There is again an array of power values that follow some defined
order. The actual power values in the buffer are specified in steps of 0.5 dB and have
to be added to some given minimum power value. Inside the buffer, the values are
structured similar in two dimensions: First they are grouped by channels, then by sub-
group within one time-slot.

pbBuffer

42 63 12 45 99 17 31 6 55 39 41 8 46 20 21

3)

sMinPowerValuelnDBm100

TEEEE-

17 /|31 6 55 39

0.01dB * -9577 + 0.5dB * 99 = -46,27 dB
41 8 46 20 21

wCountOfChannels (:

dwCountOfResultsPerChannel (=5)
Figure 20 Result of Channel Power Measurement

The figure above shows the conversion from the linear result buffer into the
aforementioned two dimensions and the calculation of the power values based on a
specific sample. The calculation is done in exactly the same way as shown in the
spectrum measurement mode.

That means: The i" power value of the k™ channel can be calculated as follows:

Py(i) =0.01 * sMinPowerValueInDBmZ100 + 0.5 * pbBuffer[ k * wCountOfResultsPerChannel + i J;
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6.1.2.7 Time-Slot Measurement

On one GSM channel, multiple BTS can send their information. In urban areas it might
happen many times that for example ten different BTS transfer data on a physical
channel. The signal from one such BTS can be separated from the others using the
time-slot detection task. Therefore the R&S TSMx software tries to detect as many
different information streams on the signal and synchronize on the time-slots.

If the synchronization process is successful, the software is able to identify the Training
Sequence Code. This TSC and the timing information are used to build a so-called
cluster. In such a cluster data from one BTS is gathered (with a high certainty). To get
to this point, several time slot measurements are combined. This is also necessary to
reduce the presence of ghost codes.

The Time-Slot Measurement does not support any specialized configuration. You can
simply enable or disable it in the measurement details structure and will receive results
accordingly.

Results made in this mode are returned in two different lists. The first list contains the
different clusters measured. Each cluster is made up a back reference to the frequency
index, and the following attributes:

e The minimum power value sMinPower InDBm100 for a cluster and the total power
range wPowerRange InDB100. In combination, both values specify the value
range interval [sMinPower InDBm100; sMinPowerInDBm100 +
wPowerRange InDBm100] in which the power values in the associated list are.

e The slot alignment of the timeslots (refer to the subsection Slot Alignment below for
more information on that subject).

e The Training Sequence Code and the type of the time-slot. A time-slot may contain
data from a normal or a dummy burst. Dummy bursts can be removed from the
measurements by setting the bMEAS _DB_REMOVAL in the channel measurement
specification.

The power values in the value list have to be set in relation to the interval specified in
the cluster result. The calculation is depicted below and explained afterwards.

STimeSlotPowerClusterResult

dwFreqindex 0 1 2 3 4

sMinPower -10198 -8301 -8512 -7767

wPowerRange 1245 873 2013 1749 1944

e s s

FF 0@ EE 17 /3C| 0 5B | FF FF | 0 FF| 0 [ Al

ListTimeSlotPowerValuesResult

0.01dB *+ 0.01 * 1245 */ 255 = -94.39dB

Figure 21 Result Structures of Time Slot Measurement Mode

From the STimeSlotPowerClusterResult, we know the minimum power value and
the range. The time-slot power values are given in the value list as a fraction of the
power range. This fraction is based on the maximum value of a byte, 255. So the
complete calculation is as shown above:
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Setup of measurement details fgj
Spectrum Measurements details {valid For all channels) - Channel power Measurements details (valid For all channels) -
Count of power values per 200kHz channel {1,,100): ]5— RMS length in 40ns; | 900
Collection time in 100 us: | 50 Count of results per GSM time shok: ]16—.

Detector mode in the frequency domain (walid: 13 | 1

Dekector mode in the time domain(valid: 1, 2): |1

- Selection | deselection of measurements For defined frequency indexes { For UL and DL G5 channels)

enetral remark: all frequency indexes which are not specified in the Following individual sstup will automatically get their previous sekup,
he initial default is: SCH power measurement only.

(" Mo channel specific selection, just redefine the params for spectrum and channel power measurements

* The following setup of measurements is valid For all measured Frequencies
™ The following setup For measurements is only valid For the given frequency index: |0

-Setup of measurements. IF a measurement is not checked, then it will be stopped (iF already running) -

¥ SCH power (DL) [~ Chanmel power (ULJDL)
I Dummey bursk removal (DL v Spectrum (ULJDLY
[ Durnmy bursk power (DL [ Failed trials of SCH power measurement (DL

[~ TSC power (UL/DL)

(™ Individual setup For a lisk of Frequency indexes

Define setup before start of measurement Cancel

Figure 25 Measurement Details Dialog

Even a subset of the measurement frequencies can be configured. Click on the button
“Press button for individual setup” that appears when the radio button “Individual setup
for a list of frequencies” is selected. In the upcoming dialog, the active measurement
tasks can easily be defined per each configured frequency.

The spectrum and channel power measurement settings cannot be defined on a per-
channel basis, as the dialog illustrates. Both configurations are valid for all channels
that perform that measurement tasks. Each modification always concerns all active
measurements.
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40 7/
// Now we create a list of all P-GSM downlink channels in germany.
// There are 124 such channels, ranging from 935 MHz to 960 MHz.
// Each channel has a bandwidth of 200 KHz.
//
45 // 1t is IMPORTANT to have the values in the table sorted in
// ascending order.
//
int nChannelCount = 124;
CViComGSMNWSInterfaceData: : SFrequencySetting* ptFrequencySettings =
50 new CViComGSMNWSInterfaceData: :SFrequencySetting[ nChannelCount ];
for ( int i=0; i<nChannelCount; i++ )

{

ptFrequencySettings[ 1 ]-dCenterFrequencylnHz = 935200000 + i * 200000;

ptFrequencySettings[ 1 ]-bRequestAutoDemodulationOfST1 = false;
55 ptFrequencySettings[ 1 ]-bRequestAutoDemodulationOfST2 = false;
ptFrequencySettings[ 1 ]-bRequestAutoDemodulationOfST3 = false;
ptFrequencySettings[ 1 ]-bRequestAutoDemodulationOfST4 = false;
}
60 CViComGSMNWSInterfaceData: : SChannelSettings cChannelSettings;

cChannelSettings.dwCount = nChannelCount;
cChannelSettings.pTableOfFrequencySetting = ptFrequencySettings;
pcGsmScanner->SetFrequencyTable( cError, cChannelSettings );

65 CViComGSMNWSInterfaceData: : SMeasurementRate cMeasRate;
cMeasRate .dwValuePer1000Sec = 10000; // measure every 100 milliseconds
EXEC_VICOM( "'Setting measurement rate to 100 millisec”,
pcGsmScanner->SetMeasurementRate( cError, cMeasRate ) );

70 EXEC_VICOM( "'Start measurement",
pcGsmScanner->GetBasiclnterface() .StartMeasurement( cError ) );

// Required to find the strongest channel
short nMaxPowerValue = -10000;
75 double nMaxPowerFrequency = 0;

while ( true )

{
// Check for keyboard stroke to exit demo
80 if ( _kbhitQ )
{

break;

}
85 CViComGSMNWS InterfaceData: : SMeasResult* pcMeasResult;

CViComBasiclnterface: :SResultCounters* pcResultCounters;
EXEC_VICOM( "', pcResultCounters =

pcGsmScanner->GetBasiclnterface() .GetResultCounters( cError ) );
90
if ( pcResultCounters->dwCountOfBufferdResults == 0 )
{

Sleep( 100 );
continue;

95 }

EXEC_VICOM( ",
pcMeasResult = pcGsmScanner->GetResult( cError, 100 ) );

100 if ( ! pcMeasResult )

continue;

}

105 // Task 1: Find strongest frequency
//
// From the "normal’™ list of channel power values, we try to find the
// strongest channel. This is a repetitive process: Each time a new
// set of measurement values arrives, the list is searched for a more
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110 // powerful channel. If one is found, it is reported.
//
// Also, for each channel further measurements are enabled.

SViComList<CViComGSMNWSInterfaceData: : SMeasResult: : SPowerResult>: :SLinkedObject*
115 pcPowerResult
= pcMeasResult->ListPowerResults.pFirst;
while ( pcPowerResult )

iT ( pcPowerResult->sPowerInDBm100 > nMaxPowerValue )

120
nMaxPowerValue = pcPowerResult->sPowerInDBm100;
nMaxPowerFrequency = ptFrequencySettings[ pcPowerResult-

>wFrequencylndex ].dCenterFrequencylnHz;

125 // Power values are returned as integer (exactly, short)
// values. To include decimals, the floating value is
// multiplied by 100.
cout << "New max value: " << ( nMaxPowerValue / 100.0 );

130 // The frequency is returned as index from the channel settings
// list.
cout << " found on freq " << ( nMaxPowerFrequency / 1000000 );
cout << " MHz " << endl;

135 CViComGSMNWS InterfaceData: : SMeasurementDetails cDetailSettings;

cDetailSettings.dwCount = 1;
cDetai lSettings.pTableOfChannelMeasSpec = new
CViComGSMNWSInterfaceData: : SChannellMeasSpec[1];
cDetailSettings.pTableOfChannelMeasSpec[0] .wFrequencylndex =
140 pcPowerResult->wFrequency Index;
cDetailSettings.pTableOfChannelMeasSpec[0] -bMEAS_SPECTRUM = TRUE;
cDetai lSettings.SpectrumSpec.wCountOfPowerValuesPerChannel = 5;
cDetailSettings.SpectrumSpec.wCollectionTimelnl00us = 300; // == 30
msec
145 cDetai ISettings.SpectrumSpec.eFreqDetector =
CViComGSMNWSInterfaceData: : SSpectrumSpec: : FREQ_DETECTOR_PEAK;
cDetai lSettings.SpectrumSpec.eTimeDetector =
CViComGSMNWSInterfaceData: : SSpectrumSpec: : TIME_DETECTOR_PEAK;
cDetai lSettings.ChannelPowerSpec.wCountOfResul tsPerGSMTimeSlot = 10;
150 cDetai ISettings.ChannelPowerSpec.wRMSLengthIn40ns = 500;

EXEC_VICOM( "Requesting detailed measurements",
pcGsmScanner->RedefineMeasurementDetails( cError, cDetailSettings
) ):
155
delete [] cDetailSettings.pTableOfChannelMeasSpec;
3

pcPowerResult = pcPowerResult->pNext;

160 }

// Task 2: Show the spectrum result. Therefore, we reduce the number of
power values
// to the maximum peak and average value in each sub-spectrum channel.
165 if ( pcMeasResult->pSpectrumResult )

CViComGSMNWSInterfaceData: : SMeasResult: : SSpectrumResult* pSpectrum =
pcMeasResult->pSpectrumResult;

170 // Calculate the frequency difference between power values in the
// result buffer
double nFrequencySpacinglInChannel
= 200000.0 / pSpectrum->wCountOfPowerValuesPerChannel;

175 // lterating over the buffer, splitting it as described in the manual
// into sub-spectrums, channels and power sub-channels.
DWORD dwChannelCount =
pSpectrum->wCountOfPowerValuesPerSubSpec
/ pSpectrum->wCountOfPowerValuesPerChannel ;

180
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byte* pvbCurrentPowerValue = pSpectrum->pbBuffer;
for ( WORD nSpectrum = 0;

nSpectrum < pSpectrum->wSubSpectrumCount; nSpectrum++ )
{

185 cout << "Sub-Spectrum ' << nSpectrum << ":" << endl;

SViComList<CViComGSMNWS InterfaceData: : SChannelMeasSpec>: :SLinkedObject*
pCurrentMeasSpec = pcMeasResult->ListExecutedMeasSpec.pFirst;
190 for ( WORD nChannel = 0; nChannel < dwChannelCount; nChannel++ )
{
double nAverage = O;
byte nMaxPowerValue = 0; // relative to sMinPowerValuelnDBm100;
double nMaxFrequency = 0;

195
WORD nChannellndex = pCurrentMeasSpec->wFrequencylndex;
for ( WORD nValueldx = 0;
nValueldx < pSpectrum->wCountOfPowerValuesPerChannel;
nValueldx++ )
200
if ( *pvbCurrentPowerValue > nMaxPowerValue )
nMaxPowerValue = *pvbCurrentPowerValue;
205 // Calculation of the current frequency is a little
// complication. From the center frequency of the channel,
// 100000 Hz are subtracted to find the lower border of the
// bandwidth. Then, the nValueldx-th frequency is found by
// adding the frequency delta nvValueldx times and a half to
210 // find the center of the sub-channel. Finally the unit is
// converted to MHz.
nMaxFrequency =

( ptFrequencySettings[ nChannel Index
]-dCenterFrequencylnHz
215 - 100000
+ nValueldx * nFrequencySpacinglnChannel
+ nFrequencySpacinglnChannel /7 2) / 1000000;
}

220 nAverage += *pvbCurrentPowerValue;

pvbCurrentPowerValue++;

}

225 double dAverage = 0.01 * pSpectrum->sMinPowerValuelnDBm100
+ 0.5 * (nAverage / pSpectrum->wCountOfPowerValuesPerChannel);
double dMaxValue = 0.01 * pSpectrum->sMinPowerValuelnDBm100
+ 0.5 * nMaxPowerValue;

230 cout << "\t Ch " << nChannellndex << " Avg: " << dAverage;
cout << " Max: Freq. " << nMaxFrequency;
cout << " Pow: " << dMaxValue << endl;

pCurrentMeasSpec = pCurrentMeasSpec->pNext;

235 ¥
}
}
// Task 3: Issue a request for the demodulation of SIB 3 if SCH Result
240 // is available for a channel. The result if any will be shown below.

SViComList<CViComGSMNWSInterfaceData: : SMeasResult: :SSCHInfoResult>::SLinkedObjec
t* pcSCHInfoResult
= pcMeasResult->ListSCHInfoResults.pFirst;
while ( pcSCHInfoResult )
245 {
CViComGSMNWSInterfaceData: : SDemodulationSettings cDemodSettings;
cDemodSettings.wFrequencylndex = pcSCHInfoResult->wFrequencylndex;
cDemodSettings.wBSIC = pcSCHInfoResult->wBSIC;
cDemodSettings.dwlndicatorOfSCHInfo = pcSCHInfoResult-
250 >dwIndicatorOfSCHInfo;
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cDemodSettings.DemodulationRequestST1l.eRequestType =
CViComGSMNWSInterfaceData: : SDemodulationSettings: : SDemodRequest: : DEMODREQUEST_DO
NOTHING;

cDemodSettings.DemodulationRequestST2.eRequestType =

255 CViComGSMNWS InterfaceData: : SDemodulationSettings: : SDemodRequest: - DEMODREQUEST_DO

NOTHING;

cDemodSettings.DemodulationRequestST3.eRequestType =
CViComGSMNWSInterfaceData: : SDemodulationSettings: :SDemodRequest: : DEMODREQUEST_ST
ART_REQUEST;

260 cDemodSettings.DemodulationRequestST3.dwDemodulationTimeoutinMs = -1;
cDemodSettings.DemodulationRequestST3.dwRequestldent = 3;
cDemodSettings.DemodulationRequestST4.eRequestType =

CViComGSMNWSInterfaceData: : SDemodulationSettings: : SDemodRequest: : DEMODREQUEST_DO

NOTHING;
265
EXEC_VICOM( "Requesting ST Demodulation ',
pcGsmScanner->RequestDemodulationOfST1To4( cError, cDemodSettings )
):
270 pcSCHInfoResult = pcSCHInfoResult->pNext;

}

// 1f available, we show the decoded information from the system type 3
// message which contains the GCI of a BTS.
275 SViComList<CViComGSMNWS InterfaceData: : SMeasResult: :SCellldentResult>::SLinkedObj
ect* pcCellldResult
= pcMeasResult->ListCellldentResults._pFirst;
while ( pcCellldResult )

280 cout << "Decoded ST 3 for Freq ";
cout << ( ptFrequencySettings[
pcCellldResult->wFrequencylndex ].dCenterFrequencylnHz ) 7/
(1000*1000);
cout << ": Cl " << pcCellldResult->wCl;
285 cout << " LAC " << pcCellldResult->wLAC;
cout << " MCC " << pcCellldResult->wMCC;
cout << "™ MNC " << pcCellldResult->wMNC << endl;

pcCellldResult = pcCellldResult->pNext;
290 }

}

EXEC_VICOM( "'Stop measurement',
pcGsmScanner->GetBasiclnterface() .StopMeasurement( cError ) );

295
EXEC_VICOM( "Waiting for stop measurement signal’,
pcGsmScanner ->GetBasiclnterface().HasMeasurementStopped( cError, 1000 )
)
300 EXEC_VICOM( "Unloading GSM NWS Scanner...",
cGsmNwsLoader .ReleaseTsmx( cError, false ) );
}
/ /
305
int _tmain(int argc, _TCHAR* argv[])
{
try
{
310 cout << "ViCom GSM Network Scanner Demo" << endl << endl << endl;
RunGsmNetworkScannerSample();
catch ( CViComError& cError )
315 {
cout << cError.GetErrorString() << endl;
return cError.GetErrorCode();
}
320 return 0;
}
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6.3.1.2 Code Structure

The code sample contains one central method that holds all the program logic. The
other parts of the listing (header and footer) prepare the measurement resp. to the
formal stuff required to run code using the ViCom API.

First thing to do is to load and initialize the network scanner, which can be seen in lines 31-
68. The thing to remark here is the way how frequencies are specified: The list of
frequencies is created dynamically and holds all 124 GSM-900 channels. In the next lines,
some other standard settings are defined, after which the measurement is started.

The central element of the sample is an endless while-loop that can be left only by
hitting some key on the keyboard or by an exception. In that loop, the network scanner
is requested to return some measurement result structure. If none is available, there is
a short sleep phase and the buffer is checked again.

Per default, only the default power measurement is enabled. When a power
measurement result is found and it is the maximum value found so far, further
measurement modes are enabled. This happens in the lines 135-152. For the
frequency the new maximum has been measured for is used to request spectrum
measurements and SCH Info demodulation for.

The spectrum result is processed next. In lines 163-232 the code is shown to do a
complete scan of the spectrum results. It is divided in sub-spectrum (first loop), channels
(second loop) and a list of power values per channel (third, inner-most loop). In that inner-
most loop, the maximum of the power values of one channel is searched and displayed.

Besides the maximum, an averaged value is returned. The calculation shown here is
NOT a meaningful average calculation, but it is used here to simplify the code. If you
really want to average such values, the power values must be transformed into a linear
scale first (and vice-versa later).

Calculation of the frequency is a complicated task, as can be seen in lines 208-212.
The center frequency of the currently investigated channel must be derived from the
list of executed measurements. Therefore this linked list is iterated parallel to the
iteration over the channels in the sub-spectrums.

Since there is a predefined number of power values per channel, the bandwidth is split
into equally sized sub-channel intervals (see line 170). The index of the power value
gives the distance from the lower border (which is found by subtracting 100 kHz from
the center frequency) of the channel in such intervals. To get the center frequency of
the sub-channel, half of sub-channel width is added finally.

Starting in line 220, the transformation from the decoded power values into a floating
point representation is shown.

The third task needs some additional interaction with the network scanner. In the lines
236-264, the SCH demodulation result is processed. From that result, the BSIC and
some other indicators are used to send a specific demodulation request to the scanner
for that BTS (line 261).
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Sample Application for ViCom G5M Network Scanner
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Figure 28 Enhanced Sample Application GSM Demodulator

In the left list, the configuration is entered that is used when the measurement is
started to setup an initial configuration of the demodulation process. Four values have
to be entered in one line, and each line is one configuration record. These values have

the following meani

ng:

Channel Index — the index of the frequency entered in the list left for which the

System Information Type — The type id of the message that shall be demodulated.
This is not necessarily a number, valid values are also 2bis, 2ter etc. besides the

Demodulation Type — Can be either 0, 1 or 2. 0 means that the demodulation for
the system information shall be done until it has been performed successfully for
one time. 1 should be used when the demodulation shall be requested dynamically
(using the right list). 2 means that the demodulation shall be performed in regular
intervals. This value corresponds to the values defined in

[}
configuration records shall be applied
[}
numbered messages.
[}
etSI1Type DEMOD_MODE.
[ J

The last value is only used when the third value was set to 2. This value defines
the delay that the demodulator delays the next demodulation attempt once the
message has been decoded successfully.

There can be any number of such rows in the list. When pressing the “Set S| Type
Demodulation Setting” button, these values are used to configure the scanner. Besides
the configuration defined in the list, the two values entered in the text fields below are
transferred to the scanner.
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void RunBchDemodulationSample()

30 ¢
CViComError cError;
CViComLoader< CViComGSMNWSInterface > cBchDemodulator;
35 //
// Below is the standard initialization sequence of a ViCom module.
//
EXEC_VICOM( "Loading GSM Scanner™,
cBchDemodulator .LoadTsmx( cError ) );
40
EXEC_VICOM( "Retrieving special interface",
CViComGSMNWSInterface* pcNws = cBchDemodulator.Getplnterface(
cError ) );
45 //
// Common initialization sequence
//
EXEC_VICOM( "Setting receiver index",
pcNws->GetBasiclnterface() .SelectReceiver( cError, 0 ) );
50
EXEC_VICOM( "Setting time base",
pcNws->GetBasiclnterface() -SetTimebaseSynchronisationMode( cError,
CViComBasiclnterfaceData: : TIME_BASE_SYNC_MODE_PPS_WATCHED _BY_GSM ) );
55 CViComBasiclnterfaceData: : SResultBufferDepth cResultBufferDepth;

cResultBufferDepth.dwValue =
CViComBasiclnterfaceData: : SResultBufferDepth: : dwMax;
EXEC_VICOM( "Setting result buffer”,
pcNws->GetBasiclnterface() .SetResultBufferDepth( cError,
60 cResultBufferDepth ) );

//
// The measurement rate and mode must be specified to produce a
// meaningful measurement result.
65 // Set measurement mode to the smallest common divisor, which is HIGH SPEED
//
CViComGSMNWSInterfaceData: : SMeasurementRate cMeasRate;
cMeasRate.dwValuePerl1000Sec =
CViComGSMNWSInterfaceData: : SMeasurementRate: : dwMaxPer1000SecForTSMU;
70 EXEC_VICOM( "Setting Measurement Details",
pcNws->SetMeasurementRate( cError, cMeasRate ) );

//
// We try to demodulate data from the complete GSM 900 band.
75 // This is just a test case to demonstrate the usage of the API.
//
const DWORD FREQ _COUNT = 124;

CViComGSMNWSInterfaceData: : SChannelMeasSpec MEASSPECS[ FREQ_COUNT ];
80
static CViComGSMNWSInterfaceData: :SFrequencySetting
FREQUENCIES_IN_MHZ[FREQ_COUNT];
for ( unsigned int i = 0; 1 < FREQ_COUNT; 1i++ )

85 FREQUENCIES_IN_MHZ[ i ].dCenterFrequencylnHz = ( 935.2 + 0.2 * i ) * 1000
* 1000;

//

// 1t is important to set these values to false when the
90 // new demodulator is used.

//

FREQUENCIES_IN_MHZ[ i ]-bRequestAutoDemodulationOfST1

FREQUENCIES_IN_MHZ[ i ]-.bRequestAutoDemodulationOfST2

FREQUENCIES_IN_MHZ[ i ].bRequestAutoDemodulationOfST3
95 FREQUENCIES_IN_MHZ[ i ].bRequestAutoDemodulationOfST4

false;
false;
false;
false;

MEASSPECS[ i ]-.wFrequencylndex = i;
MEASSPECS[ i ]-bMEAS_SCH = TRUE;
MEASSPECS[ i ]-bMEAS_CHANNEL_POWER = FALSE;
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100 MEASSPECS[ i ].bMEAS_DB_POWER = FALSE;
MEASSPECS[ i ].bMEAS_DB_REMOVAL = FALSE;
MEASSPECS[ i ].bMEAS_REPORT_FAILED_TRIALS = FALSE;
MEASSPECS[ i ].bMEAS_SPECTRUM = FALSE;
MEASSPECS[ i ]-.bMEAS_TSC = FALSE;

105 }

CViComGSMNWSInterfaceData: :SChannelSettings cFreqSettings;
cFregSettings.dwCount = FREQ_COUNT;
cFregSettings.pTableOfFrequencySetting = FREQUENCIES IN_MHZ;

110
EXEC_VICOM( "Setting Frequency Table",
pcNws->SetFrequencyTable( cError, cFregSettings) );
//
115 // Now the demodulation details can be defined. In this sample, different
// decoding strategies are shown that are supported by the ViCom demodulator.
//
CViComGSMNWSInterfaceData: :S_SIType_Requests::S_SIType_Request
STIREQUESTS[FREQ_COUNT * 2];:
120 for ( unsigned int i = 0; i < FREQ COUNT; i++ )

STIREQUESTS[2 * i]-.dwChannellndex = i;
STIREQUESTS[2 * i]-dwSCHIndicator = O;
STIREQUESTS[2 * i]-eDemodulationMode =

125 CViComGSMNWS InterfaceData: : SITYPE_DEMOD_ONCE;
STIREQUESTS[2 * i]-eSIType = CViComGSMNWSInterfaceData: :SITYPE_3;
STIREQUESTS[2 * i]-wRepetitionDelaylnl00ms = O;

STIREQUESTS[2 * i + 1].dwChannellndex = i;
130 STIREQUESTS[2 * i + 1].dwSCHIndicator = 0;
STIREQUESTS[2 * i + 1].eDemodulationMode =
CViComGSMNWSInterfaceData: :SITYPE_DEMOD_ON_CMD;
STIREQUESTS[2 * i + 1].eSIType = CViComGSMNWSInterfaceData::SITYPE_13;
135 STIREQUESTS[2 * i1 + 1].wRepetitionDelayInl00ms = O;
3

CViComGSMNWSInterfaceData: :SSI1TypeDemodulationSettings
cBchDemodulationSettings;

140 cBchDemodulationSettings.wTotalPowerOffsetInDB10 =
CViComGSMNWSInterfaceData: : SSI1TypeDemodulationSettings
::wMinTotalPowerOffsetInDB10;

cBchDemodulationSettings.wLoadInPercent =
145 CViComGSMNWS InterfaceData: :SS1TypeDemodulationSettings
: :wMaxLoadInPercentForTSML;

cBchDemodulationSettings.sStartMeasurementRequests.dwCountOfSITypeRequests =
FREQ_COUNT * 2;
150 cBchDemodulationSettings.sStartMeasurementRequests.pSITypeRequest =
STIREQUESTS;
cBchDemodulationSettings.sStartMeasurementRequests.dwRequestldentifier = 0O;

EXEC_VICOM( "Configuring BCH demodulator",
155 pcNws->SetSITypeDemodulationSettings( cError, cBchDemodulationSettings )

EXEC_VICOM( "'Start measurement",
pcNws->GetBasiclnterface() .StartMeasurement( cError ) );

160
//
// The decoding is done until the user manually quits the decoding
// process by pressing some key.
//
165 cout << endl << "Measurement is active, press any key to stop it";
CViComGSMNWSInterfaceData: : SMeasResult* pcResult = NULL;
while ( ( pcResult = pcNws->GetResult( cError, 5000 ) ) )
{
170 // Check for keyboard stroke to exit demo

Operating Manual 1505.1329.42 - 12 95


https://www.manualsplus.com/

R&S ViCom Interface ViCom GSM Network Scanner
GSM BCH Demodulation

if ( _kbhit(Q) )
{
break;

175
if ( ! pcResult->pBCCHDemodulationResult )

cout << *.*:
continue;

180 }
if ( pcResult->pBCCHDemodulationResult->dwRequestldentifier == 13 )

cout << "Found GPRS message on channel "
185 << pcResult->pBCCHDemodulationResult->wFrequencylndex;
continue;

cout << endl << "Channel " << pcResult->pBCCHDemodulationResult-
190 >wFrequency Index;
cout << " BCCH Type " << pcResult->pBCCHDemodulationResult->eBcchType;
cout << " Demod Status " << pcResult->pBCCHDemodulationResult-
>eDemodStatus << endl;

195 //
// Every time we receive the result of a system parameters
// demodulation, we clear the internal cache and start another attempt
// to decode the message. This is only done to show the usage of the
// l1ssueDemodRequest() method, it does not make sense to do so in

200 // a real environment.
//
CViComGSMNWSInterfaceData: :S_SIType_Requests::S_SIType_Request

RESTART_DEMODULATION_REQUEST[] =

205 // Clear the internal cache
{ pcResult->pBCCHDemodulationResult->wFrequencylndex,
CViComGSMNWSInterfaceData: :SITYPE_13,
CViComGSMNWSInterfaceData: :SITYPE_DEMOD_BTS,
0,
210 pcResult->pBCCHDemodulationResult->dwindicatorOfSCHInfo },

¥

CViComGSMNWSInterfaceData: :S_SIType_Requests cRequests;
cRequests.dwCountOfSITypeRequests =
215 sizeof RESTART_DEMODULATION_REQUEST /
sizeof CViComGSMNWSInterfaceData::S_SIType_Requests::S_SIType_ Request;
cRequests.pSITypeRequest = RESTART_DEMODULATION_REQUEST;
cRequests.dwRequestldentifier = 13;

220 EXEC_VICOM( "Issuing a special decoding command",
pcNws->1ssueSITypeRequests( cError, cRequests ) );
h
EXEC_VICOM( "'Stop measurement’,
225 pcNws->GetBasiclnterface() .StopMeasurement( cError ) );

EXEC_VICOM( "'Stop measurement',
pcNws->GetBasiclnterface() -HasMeasurementStopped( cError, 1000 ) );

230 EXEC_VICOM( "Unloading Network Scanner...",
cBchDemodulator .ReleaseTsmx( cError, false ) );
}
/ /
235
int _tmain(int argc, _TCHAR* argv[])
{
try
{
240 cout << "ViCom GSM BCH Demodulation Demo" << endl << endl << endl;
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RunBchDemodulationSample();

catch ( CViComError cError )
245 {
cout << cError.GetErrorString() << endl;
delete [] cError.GetErrorString();
return cError.GetErrorCode();

}

return O;

250

}
The structure of the code is very similar to the samples in the other chapters.

Interesting things are done in the following parts of the sample:

e Lines 80-113: The frequency selection is done here. For each frequency, the
automatic demodulation is disabled and the minimum measurement configuration
is specified (measuring the SCH power). Without the synchronization channel
measurement, no demodulation is possible. The default is that the SCH
measurement is performed when nothing is specified, so these lines could be
omitted here but are included to make this fact clear.

e Lines 120-147: For each channel that has been specified to be measured, two
demodulation commands are configured: The one-time demodulation of the SIT 3
message, and the preparation of a BTS specific demodulation command of SIT 13.

e Lines 206-226: Once the SIT 3 has been demodulated, the request to start the
demodulation process on the same channel of SIT 13 is started immediately.
Therefore the SCH Info indicator is given as id of the BTS that shall be observed.
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The PN Offset returned besides the channel index and the indicator must not
necessarily be the same for two results that belong to the same BTS. It might be the
case that in a first step a wrong PN offset was derived from the time estimation, and
the correct PN offset has been demodulated later.

The table below summarizes the description above using some example values. There
are two columns, one for a possible first and one for the second result. The third
column contains the conclusion what can be said about the two results.

Table 4 BTS Identification Sample

First Result Second Result Result

Channel Indicator | PNOffset Channel Indicator | PNOffset

0 0 65535 0 0 64 For the first result, no PN
Offset estimation or
demodulation has been
available, so the offset value
is set to invalid. The second
attempt seems to provide a
better result, either from
demodulation or time

estimation.

1 154 32 2 154 32 Different BTS, since they
were measured on different
channels

1 14 31 1 18 98 No certain conclusion can

be made, but the cells are
very likely to be different.

1 98 87 1 98 89 Probably identical BTS,
since channel and indicator
are equal, second PN Offset
is presumably correct.

1 98 87 1 98 87 Identical BTS when PN
offset was demodulated, all
values are the same.

7.1.1.2 PN Offset Detection

The identification of a PN offset is done as shown in the figure below. At first, the signal
is handled as pseudo-noise if all attempts fail to match the identifying sequence in the
signal. The only value reported now is the inband power of the channel.

After some signal power can be separated from the noise and other information in a
channel, the CIRs of the F-PICH is are measured and reported. The PN offset is still
unknown at that point of time if no prior demodulation has been done. In that case, the
PN offset is set to an invalid value (65535). If there has been a successful
demodulation on that frequency before, the new incoming signal is set into relation to
the previous demodulation result. Based on the arrival time, the scanner makes an
assumption what PN offset is assigned to the newly found basestation.

In that phase, the scanner reports Inband power, CIR values and a total power for the
signal (RSCP). From these values, the E//l, can be calculated for the basestation reported.
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Once the content of the F-SYNC gets demodulated, the PN offset must not be guessed
any more but can be confirmed. The demodulation for a signal can be done in several
different ways; see the section below on F-SYNC demodulation settings for more
details. The demodulation also is not necessarily performed for all new pilots, so it
might be the case that this state is never reached. As an additional result, the content
of the F-SYNC is returned by the ViCom API.

Signal \V\f\/\J\vJ/N\f\ﬁJV\/jAfJV\J\\/fJ\f\r\f\ﬁ\

Measurement Demodulation GPS Pulse
Offset
Estimation None Time-Based Demodulated
Method
PN Offset  PN-Offset 65535 Zt'e(;::gtf'rg‘r’f't'% o PN-Offset PN-Offset
Invalid found found
offset
Inband Power, .
; F-SYNCH Transmit
Results Inband Power F-PICH CIR values e T COael

RSCP

Figure 29 N offset estimation method

Channel Impulse Response

One operating mode in the CDMA 2000 scanner is to perform CIR measurements on the
F-PICH. In that measurement mode, the R&S TSMx device attempts to demodulate a
signal and detect the F-PICH content sent by a basestation on the CDMA channel. When
the demodulation and correlation is successful, the R&S TSMx measures at a constant
sampling rate power values from the F-PICH and performs a peak analysis on the result.

Such a measurement result is depicted in the figure shown below. For one channel
and basestation, the first thing to know is that the samples are all measured at
constant intervals. This sampling rate is chosen to be very small, about 0.152 ns.

Since the time plays an important role in a CDMA2000 network, the exact arrival time
of the first signal is also contained in the result. The time is specified as offset to the
R&S TSMx measurement result time in the number of samples. For example, in the
picture below, the delay in number of CIR samples would be 2 (since the second
sample after the arrival time is the first valid one).
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SYNC_CHANNEL_DEMOD_ONCE (1): For each channel (frequency), the F-SYNC is
only demodulated once. The other PN offsets are therefore calculated by putting the
arrival time into relation to the first identified pilot. This can be done since all cells in a
CDMA 2000 network are time synchronized and send their information with different
offsets.

SYNC_CHANNEL_DEMOD_ALL (3): When the R&S TSMx detects a new pilot (or
assumes to have found a new one), a new demodulation attempt of the F-SYNC is
started again. This is a time-consuming task, since the scanner must spend some
time to perform the demodulation on a specific pilot signal.
SYNC_CHANNEL_DEMOD_FAST (4): If a new pilot is found, the demodulation is
not performed completely, but in a high-speed fashion. This yields very similar
results to the type SYNC_CHANNEL_DEMOD_ALL, but does not consume so much
time since only a smaller part of the signal must be analyzed.

More details on the content of the demodulation result can be found in the 3GGP2
specification TIA-200.5-D, C.S0005-D. When this document was written, a copy could
be found at http://www.3gpp2.org/Public_html/specs/C.S0005-D v2.0 051006.pdf.
See section 3.7.2.3.2.26.

The demodulation result stored in the pSyncChannelDemodulationResult
parameter contains the following information, besides others:

Network identification

The system time and other time information
The PN offset of the pilot measured
Channel configuration details

Time Estimation

Besides the other results, the R&S TSMx delivers a correction for the time line used for
the current measurements. This time estimation is used to correct the time base that is
used in a CDMA 2000 system and is specified by single value that defines the currently
measured difference between signal and pulse.

The time estimation is based on two different sources: One is the pulse signal from an
attached GPS device, the other the demodulation results. Depending what kind of
source is currently used to derive the delay value, on of the following three states is
active:

No source available: The transmission time is estimated by setting the received
pilots into relation and trying to find a best-match. The delay value cannot be
specified.

Only Demodulation: In this case, the delay is estimated by the received pilots,
where the transmission time is still estimated from the different offsets measured.
The delay is calculated.

Demodulation and PPS: Both offsets and transmission time can now be
determined, so both values are correct.
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Sample Application for ¥iCom CDMA 2000 PN-Scanner
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Sample Application
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Figure 31 CDMA 2000 Scanner Sample Application

Below that element, some CDMA 2000 specific settings can also be specified. These
measurement settings are described in the following sections.

7.2.1.1 Setting the PN Offsets for time estimation

To specify which PN Offsets shall be used for time estimation during scans, a big
switch matrix is used in the sample application. Each rectangle in the matrix that is
shown in the upper center of the dialog stands for one PN Offset. Green signalizes an
enabled scan, where a light gray filling stands for disabled reporting.

The upper left box is used to control estimation of PN offset 0, the other offsets are first
set from left to right (offsets 0-31 in the first line), then from top to bottom.

You can simply enable/disable single points by clicking on them. To modify all entries
at once, use the two buttons below the matrix on the left set. On the right side, there is
a function to enable a certain pattern of PN offsets. The value stored in “Bias” is the
starting offset, and “Step” is the distance between two different offsets that shall be
enabled. For example, if you choose “Bias” to be 13 and “Step” to be 7, PN offsets 13,
20, 27, 34, ... and so on will be enabled after you click on “Set”.

Note that the whole content will be erased before the “Bias"/"Step” settings are applied
using the “Set” button. Manipulations that were made before are cleared.
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7.2.1.2 Sync Channel Demodulation Mode

In this field, you can specify how often an attempt is started to demodulate a probably
new incoming signal. The values that can be put in there can either be 1, 2 or 4. The
meaning of the numeric value is the same as described above in the F-SYNC
Demodulation section. The value 4 allows fast and highly sensitive detection of pilots
and might therefore be a good default setting.

7.2.1.3 Performing Measurements

To perform measurements with the demo application, some steps must be performed
in a specific sequence. If you follow the list of actions described below, this should help
you to circumvent pitfalls, when programming your own applications with the API.

1. Loadthe R&S TSMxdevice by clicking on “Load PN-Scanner” button. Assure that the
driver is loaded successfully and information from the loaded device is shown in the
box below.

2. Click the buttons “Set Receiver Index”, “Set TSMx Time Base”, “Set Result Buffer”
and “Set Rate” to apply the related settings shown on the right-hand side of the
dialog. Change them before clicking the buttons if you want different values than
the defaults to be applied.

3. Enter the frequencies that shall be scanned in the appropriate list. You can add
multiple frequencies by pressing <Ctrl>+<Enter> to add a new line to the list. The
channel indices are optional, you can omit them to let the sample application
create them automatically.

In the same step you have to define which PN offsets shall be detected using the
time estimation result. This does not influence demodulation, so if you choose that
all pilots shall be demodulated (setting 4 in the related field), then each PN offset
should at some point be the result of a successful demodulation, even if the field
was disabled in the matrix.

Click “Set Frequencies” to finish that step.

4. Apply the CDMA 2000 scanner specific settings using the buttons “Set PPS
Synchronisation”, “Set max.Velocity” and “Set Sync Channel Demod. Mode”. Do
your modifications to these settings before, for example, perform a measurement

calibration to put a meaningful value into the “Delay of PPS falling edge” field.
5. Start the measurement using “Start Measurement” button.

6. Choose whether you want to store the results in a text file and what kind of
information shall be saved. Then you can click on “Get Results” to write 100
measurement results into the file. When this is done, the application is blocked
until 100 results have been measured (unless older results are still in the buffer).

7. Once you have all your data, click “Stop Measurement” button to stop
measurement again. You can then either change the settings (steps 2, 3 and 4) or
you can unload the R&S TSMx device (“Release PN-Scanner”) and quit the
application.
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// max peak value stored in both objects), because we want the
55 // strongest sender first.
//
bool CompareMaxCirs( sMaxCir& sMaxCirl, sMaxCir& sMaxCir2 )
{
return sMaxCir2._nCirMax < sMaxCirl.nCirMax;
60 3}
/ /
void RunCdma2000Sample()
65 {
CViComError cError;
CViComLoader<CViComCdma2000Interface> cVicomApiLoader;
//
70 // Below is the standard initialization sequence of a ViCom module. We first
// try to load the DLL, then the device. If both is successful, we can query
// the loading mechanism class for a pointer onto the controlling
// CDMA 2000 API.
//
75 EXEC_VICOM( "Loading CDMA 2000 Scanner",
cVicomApiLoader.LoadTsmx( cError ) );
CViComCdma2000Interface* pCdma20001f;
EXEC_VICOM( "Retrieving special interface",
80 pCdma20001f = cVicomApiLoader.Getplnterface( cError ) );

// Common initialization sequence. In this section, the very basic settings

// of the TSMx device are specified. These are (in the order of the related
85 // method calls): The TSMx device in the receiver chain (0 is the first

// device connected via Firewire), the time synchronisation mode and the

// number of results that are stored in the internal buffer. The last one

// is set to the maximum possible value, but you can change this as desired.

//
90 EXEC_VICOM( "'Setting receiver index",
pCdma20001 f->GetBasiclnterface() .SelectReceiver( cError, 0 ) );
//
// 1T a more precise time synchronisation is desired, connect a GPS device
95 // to the TSMx and choose TIME_BASE_SYNC_MODE_PPS
//

EXEC_VICOM( "'Setting time base",
pCdma20001 f->GetBasiclnterface() -SetTimebaseSynchronisationMode( cError,
100 CViComBasiclnterfaceData: : TIME_BASE_SYNC_MODE_INTERNAL ) );
CViComBasiclnterfaceData: : SResul tBufferDepth cResultBufferDepth;
cResultBufferDepth.dwValue =
CViComBasiclnterfaceData: : SResultBufferDepth: : dwMax;

105 EXEC_VICOM( "'Setting result buffer”,
pCdma20001 F->GetBasiclnterface() .SetResultBufferDepth( cError,
cResultBufferDepth ) );

//
110 // After the device has been loaded, it must be configured for the specific
// measurement task(s). Common for all tasks is the definition of what
channels
// and frequencies must be measured, and how the measurement is actually
// performed (depends also in the device).

115 7/

//
// We try to scan on three channels, and want every possible PN offset
// to be reported. Therefore we have to enable all entries in the

120 // bTableOFPNOFfsetArbitraryLimitation table by settings them to TRUE.
//
static const double CHANNEL_FREQUENCIES[] = { 2110.05 };
const int CHANNEL_COUNT = sizeof CHANNEL_FREQUENCIES / sizeof

CHANNEL_FREQUENCIES[O] ;
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125
CViComCdma2000InterfaceData: :SFrequencySetting vcFreqSettings[ CHANNEL_COUNT

for ( int i=0; i<CHANNEL_COUNT; i++ )

{
130 vcFregSettings[i].dCenterFrequencylInMHz = CHANNEL_FREQUENCIES[i];
vcFreqSettings[i]-blsEvdoFrequency = FALSE;
for ( int j=0;
J<CViComCdma2000InterfaceData: : SFrequencySetting: :dwFixCountOfPNOffsetArbitraryL
imits; j++ )
135
vcFreqgSettings[i]-bTableOfPNOffsetArbitraryLimitation[j] = TRUE;
3
3

140 CViComCdma2000 InterfaceData: : SChannelSettings cChannelSettings;
cChannelSettings.dwCount = CHANNEL_COUNT;
cChannelSettings.pdTableOfFrequencySetting = vcFreqgSettings;

EXEC_VICOM( "Setting frequency table",
145 pCdma20001f->SetFrequencyTable( cError, cChannelSettings ) );

//

// Now we specify the measurement mode. We use MEAS_MODE_HIGH_SPEED here to

// make this demo run on every ViCom supporting TSMx device. The measurement
150 // rate is also defined to be the highest supported on all devices.

//

CViComCdma2000InterfaceData: : SMeasurementRate cMeasRate;

cMeasRate.dwValuePer1000Sec =

CViComCdma2000InterfaceData: : SMeasurementRate: : dwMaxPer1000SecForTSML ;

155

EXEC_VICOM( "Setting measurement mode",

pCdma20001 f->SetMeasurementRate( cError, cMeasRate ) );

//

160 // For the sample, we don"t use any PPS signals to make it work in the
// very basic environment. If you have a GPS receiver attached to the
// selected TSMx device, you can change this to the delay of the
// GPS signal found with a calibration measurement (see manual).
//

165 CViComCdma2000 InterfaceData: :SPPSSettings cPulseSettings;
cPulseSettings. iDelayOfPPSFallingEdgelnl00ns =

CViComCdma2000InterfaceData: :SPPSSettings: :ilnvalidPPSDelaylnl00ns;

EXEC_VICOM( "Setting PPS configuration',
170 pCdma20001f->SetPPSSettings( cError, cPulseSettings ) );

//
// The internal fading correction algorithm can be configured by
// specifying the maximum speed of the test vehicle. It is specified
175 // in kilometers per hour (see reference for a conversion to mph).
//
// The better the estimation of the final speed is, the better the
// fading algorithm will work.
//
180 CViComCdma2000 InterfaceData: : SMaxVelocity cMaxVelocity;
cMaxVelocity.dMaxVelocitylnKmPerHour =

CViComCdma2000InterfaceData: :SMaxVelocity: :dwMaxVelocityInKmPerHourDefault;

185 EXEC_VICOM( "'Setting the maximum velocity",
pCdma20001 F->SetMaxVelocity( cError, cMaxVelocity ) );

//

// We want to scanner to demodulate all new pilots it finds, since
190 // it is our desire to get the maximum of information available in an

// unknown network environment.

//

EXEC_VICOM( "Setting F-SYNC demodulation type',

pCdma2000 I F->SetSyncChannelDemodulationMode (

195 cError,
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CViComCdma2000InterfaceData: : SYNC_CHANNEL_DEMOD_ALL ) );

//
// All configuration is done, so the measurement can be started.
200 7/
EXEC_VICOM( "Start measurement',
pCdma20001 F->GetBasiclnterface() .StartMeasurement( cError ) );

//
205 // In this demo application, we do a simple air-scanning for
// CDMA 2000 signals and if we find any BTS, we write some footprint
// data onto the stdout, until the user stops the scanning by
// pressing any key.
//
210 cout << endl << "Measurement is active, press any key to stop it";

std::vector< sMaxCir > vsMaxCirs;
DWORD dwLastOutput = GetTickCount();

215 CViComCdma2000 InterfaceData: : SMeasResult* pcResult = NULL;
while ( ( pcResult = pCdma20001f->GetResult( cError, 1000 ) ) )

// Check for keyboard stroke to exit demo
if ( _kbhitQ )

220 {
break;
3
//
225 // We report the inband power currently measured to show
// some kind of constant progress in this sample.
//
iT ( pcResult->psAveragelnbandPowerInDBm100 )
{
230 cout
<< "Channel: "
<< pcResult->dwChannel Index
<< " Inband power: **
<< 0.01* (*pcResult->psAveragelnbandPower InDBm100)
235 << endl;
¥
//
// Report if a new pilot demodulation has been perform
240 // successfully.
//
if ( pcResult->pSyncChannelDemodulationResult )
{

cout << "Demodulation succeeded for PN Offset: ";
245 cout << pcResult->pSyncChannelDemodulationResult->wPILOT_PN;
cout << endl;

}
//
250 // If we find a CIR measurement in the result, we scan the list of peaks
// for the maximum value and compare it to the
//

SViComList<CViComCdma2000InterfaceData: : SMeasResult: :SFPichCir>: :SLinkedObject*
255 pFPiChCirResult = pcResult->ListOfFPichCirs.pFirst;
while ( pFPiChCirResult )

//

// First we search for the maximum CIR within the peaks of the
260 currently

// reported basestation.

//

SViComList<CViComCdma2000InterfaceData: :SMeasResult: :SFPichCir: :SPeakInfo>::SLin
265 kedObject*
pFPiChPeak = pFPiChCirResult->ListOfPeaks.pFirst;
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short nMaxCirPeak =
CViComCdma2000InterfaceData: : SMeasResult: :slnval idPower InDBm100;
while ( pFPiChPeak )

270
nMaxCirPeak = max( nMaxCirPeak, pFPiChPeak->sPeakPowerInDBm100 );
pFPiChPeak = pFPiChPeak->pNext;
3
275 //
// Now we search for an entry in our structure that keeps track of
// the highest CIR peak found for each basestation. If there is one
found,
// it is updated with the new peak if the new peak is higher than the
280 // one currently stored.

for ( unsigned int i=0; i<vsMaxCirs.size(); i++ )

if ( vsMaxCirs[i].nPnOffset == pFPiChCirResult-
285 >ExtendedPNOffset.wPNOffset
&& vsMaxCirs[i]-nIndicator == pFPiChCirResult-
>ExtendedPNOffset.windicator

&& vsMaxCirs[i].nChannel == pcResult->dwChannellndex )
290 vsMaxCirs[i].nCirMax = max( vsMaxCirs[i].nCirMax, nMaxCirPeak );
break;
¥
}
295 //

// If all entries were checked but no entry matched the currently
// reported basestation, we create a new entry and initialize it.
//
if (1 == vsMaxCirs.size() )
300
sMaxCir sNewMaxCir;
sNewMaxCir.nPnOffset = pFPiChCirResult->ExtendedPNOffset. wPNOffset;
sNewMaxCir.nIndicator = pFPiChCirResult-
>ExtendedPNOffset.windicator;
305 sNewMaxCir.nChannel = pcResult->dwChannellIndex;
sNewMaxCir.nCirMax = nMaxCirPeak;
vsMaxCirs.push_back( sNewMaxCir );

3
310 pFPiChCirResult = pFPiChCirResult->pNext;
¥
//
// Print current CIR power ranking every 5 seconds
315 //
if ( GetTickCount() - dwLastOutput > 5000 )
{
//
// Sort the unordered results in the vsMaxCirs vector by
320 // the maximum power peak and print the output
// in that sequence.
//
sort( vsMaxCirs.begin(), vsMaxCirs.end(), CompareMaxCirs );
325 cout << endl << "CIR Status: " << endl;
for ( unsigned int i=0; i<vsMaxCirs.size(); i++ )
cout << "\tPN " << vsMaxCirs[i]-nPnOffset;
cout << " Channel " << vsMaxCirs[i].nChannel;
330 cout << " ID " << vsMaxCirs[i].nIndicator;

cout << " Max Pow: " << 0.01 * vsMaxCirs[i]-nCirMax;
cout << endl;

3
cout << endl;
335
dwLastOutput = GetTickCount();
vsMaxCirs.clear();
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}
}

//

// Measurement has been stopped, so we properly shutdown the

// demo application by stopping the measurement and unloading the

// device. In a more sophisticated software, these two steps might
345 // not necessarily be executed at the same time.

//

EXEC_VICOM( "'Stop measurement',

pCdma20001 f->GetBasiclnterface() .StopMeasurement( cError ) );

340

350 EXEC_VICOM( "Waiting for measurement to stop",
pCdma20001 f->GetBasiclnterface() -HasMeasurementStopped( cError, 1000 ) );

EXEC_VICOM( "Unloading PN Scanner...",
cVicomApiLoader.ReleaseTsmx( cError, false ) );

355 3

/ /

360 int _tmain(int argc, _TCHAR* argv[])
{
try
{
cout << "ViCom CDMA 2000 Scanner Demo" << endl << endl << endl;
365
RunCdma2000Sample();

catch ( CViComError cError )

{
370 cout << cError.GetErrorString() << endl;

delete [] cError.GetErrorString();
return cError.GetErrorCode();

}

375 return 0;
H
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45 //
// Common initialization sequence
//
EXEC_VICOM( "'Setting receiver index",
pcC2kScanner->GetBasiclnterface().SelectReceiver( cError, 0 ) );

50
EXEC_VICOM( "'Setting time base",
pcC2kScanner->GetBasiclnterface() .SetTimebaseSynchronisationMode( cError,
CViComBasiclnterfaceData: : TIME_BASE_SYNC_MODE_PPS_WATCHED_BY_GSM ) );
55 CViComBasiclnterfaceData: : SResul tBufferDepth cResultBufferDepth;
cResultBufferDepth.dwValue =
CViComBasiclnterfaceData: : SResultBufferDepth: : dwMax;
EXEC_VICOM( "Setting result buffer”,
pcC2kScanner->GetBasiclnterface() .SetResultBufferDepth( cError,
60 cResultBufferDepth ) );
//
// The measurement rate and mode must be specified to produce a
// meaningful measurement result.
65 // Set measurement mode to the smallest common divisor, that is
// the minimum supported by the TSML.
//

CViComCdma2000InterfaceData: : SMeasurementRate cMeasRate;
cMeasRate .dwValuePer1000Sec =
70 CViComCdma2000InterfaceData: : SMeasurementRate: : dwMaxPer1000SecForTSML ;
EXEC_VICOM( "Setting Measurement Details",
pcC2kScanner->SetMeasurementRate( cError, cMeasRate ) );

//
75 // Now a set of frequencies is defined on which a BCH may be found. This
might
// vary in different countries and for different network providers, so the
// value can be changed easily.
// In this example, this is just a test frequency used in the signal
80 simulator.
//
// Note that depending on the device attached to the system, the maximum
number
// of frequencies differs. For the TSML-C, it is 6, for example.
85 //
static const double CHANNEL_FREQUENCIES[] = { 2110.6 };
const int CHANNEL_COUNT = sizeof CHANNEL_FREQUENCIES / sizeof
CHANNEL_FREQUENCIES[O0];

90 CViComCdma2000InterfaceData: : SFrequencySetting vcFreqSettings[ CHANNEL_COUNT
1;
for ( int i=0; i<CHANNEL_COUNT; i++ )

vcFreqSettings[i]-dCenterFrequencylnMHz = CHANNEL_FREQUENCIES[i];
95 vcFreqgSettings[i].blsEvdoFrequency = FALSE;
for ( int j=0;
J<CViComCdma2000InterfaceData: : SFrequencySetting: :dwFixCountOFfPNOffsetArbitraryL
imits; j++ )

{
100 vcFregSettings[i].bTableOfPNOffsetArbitraryLimitation[j] = TRUE;
3
}
CViComCdma2000InterfaceData: :SChannelSettings cChannelSettings;
105 cChannelSettings.dwCount = CHANNEL_COUNT;

cChannelSettings.pdTableOfFrequencySetting = vcFregSettings;

EXEC_VICOM( "Setting frequency table",
pcC2kScanner->SetFrequencyTable( cError, cChannelSettings ) );

110
//
// Now the demodulation details can be defined. Since the current CDMA 2000
// demodulator supports decoding the system parameters message only, we
request
115 // a demodulation here.
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//
CViComCdma2000InterfaceData: :S_DemodRequests: :S_DemodRequest DEMOD_REQUESTS[]

120 // Decode the system parameters message for each bts only once
{o,
{ CViComCdma2000InterfaceData: :C2K_MSGID_SYS_PARAMS,
(CViComCdma2000InterfaceData: :etChannelType)
(CViComCdma2000InterfaceData: :C2K_CH_TYPE_BCCH |
125 CViComCdma2000 InterfaceData: :C2K_CH_TYPE_PCH) },
CViComCdma2000InterfaceData: :DEMOD_ONCE, O, O },
}:

CViComCdma2000InterfaceData: :SBchDemodulationSettings
130 cBchDemodulationSettings;
cBchDemodulationSettings.wLoadInPercent =

CViComCdma2000InterfaceData: : SBchDemodulationSettings: :wMaxLoad InPercentForTSML ;
cBchDemodulationSettings. IEcToloThresholdInDB100 =
135 CViComCdma2000 InterfaceData: : SBchDemodulationSettings: : IMinEcToloThresholdInDB10
OForTSML; // == -10 dB

cBchDemodulationSettings.sStartMeasurementRequests.dwCountOfRequests =
sizeof DEMOD_REQUESTS / sizeof
140 CViComCdma2000InterfaceData: :S_DemodRequests: :S_DemodRequest;
cBchDemodulationSettings.sStartMeasurementRequests.pRequests =
DEMOD_REQUESTS;

EXEC_VICOM( "Configuring BCH demodulator',
145 pcC2kScanner->SetBchDemodulationSettings( cError, cBchDemodulationSettings

) );

EXEC_VICOM( "'Start measurement’,
pcC2kScanner->GetBasiclnterface().StartMeasurement( cError ) );

150
//
// The decoding is done until the user manually quits the decoding
// process by pressing some key.
//
155 cout << endl << "Measurement is active, press any key to stop it";
CViComCdma2000InterfaceData: :SMeasResult* pcResult = NULL;
while ( ( pcResult = pcC2kScanner->GetResult( cError, 5000 ) ) )
{
160 // Check for keyboard stroke to exit demo
if ( _kbhitQ )
{
break;
}
165
if (! pcResult->pMsgResult )
cout << ".";
continue;
170 }
cout << endl << "Channel " << pcResult->dwChannellndex;
cout << ", BTS " << pcResult->pMsgResult->wBtsid;
cout << " / First ID: " << pcResult->pMsgResult->wFirstBtsld ;
175 cout << ", Channel Type: " << pcResult->pMsgResult->MeasSpec.ChannelType
<< endl;
//
// Every time we receive the result of a system parameters
180 // demodulation, we clear the internal cache and start another attempt
// to decode the message. This is only done to show the usage of the
// l1ssueDemodRequest() method, it does not make sense to do so in
// a real environment.
//
185 CViComCdma2000 InterfaceData: :S_DemodRequests: :S_DemodRequest

RESTART_DEMODULATION_REQUEST[] =
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// Clear the internal cache
{o,
190 { CViComCdma2000InterfaceData: :C2K_MSGID_SYS_PARAMS,
CViComCdma2000InterfaceData: :C2K_CH_TYPE_ALL 3},
CViComCdma2000InterfaceData: :DEMOD_NODE_B_RESET, O, pcResult-
>pMsgResult->wBtsid },
// And request the demodulation again
195 {o,
{ CViComCdma2000InterfaceData: :C2K_MSGID_SYS_PARAMS,
CViComCdma2000InterfaceData: :C2K_CH_TYPE_ALL },
CViComCdma2000InterfaceData: :DEMOD_NODE_B, 0, pcResult->pMsgResult-
>wBtsld },
200 }:

CViComCdma2000InterfaceData: :S_DemodRequests cRequests;
cRequests.dwCountOfRequests = O;
sizeof RESTART_DEMODULATION_REQUEST /
205 sizeof CViComCdma2000InterfaceData: :S_DemodRequests::S_DemodRequest;
cRequests.pRequests = RESTART_DEMODULATION_REQUEST;

EXEC_VICOM( "Issuing a special decoding command”,
pcC2kScanner->l1ssueDemodRequests( CError, cRequests ) );

210 }

EXEC_VICOM( "'Stop measurement',
pcC2kScanner->GetBasiclnterface().StopMeasurement( cError ) );

215 EXEC_VICOM( "Waiting for measurement to stop",
pcC2kScanner->GetBasiclnterface() .HasMeasurementStopped( cError, 1000 ) );

EXEC_VICOM( "Unloading Network Scanner...',
cBchDemodulator .ReleaseTsmx( cError, false ) );

220 }
/ /
int _tmain(int argc, _TCHAR* argv[])
225 {
try
{ . ]
cout << "ViCom CDMA 2000 Demodulation Demo" << endl << endl << endl;
230 RunBchDemodulationSample();

catch ( CViComError cError )

{
cout << cError.GetErrorString() << endl;
235 delete [] cError.GetErrorString();
return cError.GetErrorCode();
3

return O;

240 )
The interesting sections of the code are described in here:

e Lines 82-104: Here the basic setup of the measurement is performed. In this
example, the (virtual) CDMA 2000 channel at 2110.6 MHz shall be scanned for a
signal. The demodulator shall attempt to extract the system parameters message.
The PN Offset of the channel is not handled in the example, that's why the scanner
is not restricted in that area.

e Lines 111-135: The demodulation settings are set in these lines. Here, the type of
the message that shall be demodulated is set, as is the kind of channel shall be
used to find the message. In this case, there is no restriction.

e
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Once the settings have been done, the structure can be set in the ViCOM API using
the SetEvdoSettings() method of the CViComCdma2000Interface.

Below a short example is shown that can be inserted into the CDMA 2000 sample at line
98. In that case, at least one frequency should be set to be scannes as EVDO frequency.
SEvdoControlSettings cEvdoSettings;
cEvdoSettings.dwMeasRatelnmHz = 10000;
cEvdoSettings.dwFulISyncRatelnmHz = 1000;

cEvdoSettings.dwShortSyncRatelnmHz = 5000;
cEvdoSettings.dwShortSyncRangelnChips = 160;

EXEC_VICOM( *“Configuring EvDO scanner™,
pcC2kScanner->SetEvdoSettings ( cError, cEvdoSettings ) );
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8.21.1

8.2.1.2

Measuring LTE

One of that additional information concerns the number of OFDM symbols per slot
used on that frequency. If that information is not available, the LTE scanner is able to
automatically detect the number of symbols.

Receiver Frontend

The R&S TSMW contains two frontends that can be used to perform measurements on
different channels in parallel. These frontends are simply identified by their index,
which is either 1 or 2. Each frequency can be measured on a specific frontend, which
has to be specified during measurement setup (see also Resource Acquisition section
on how to configure which front-end shall be used).

S-Sync to P-Sync Ratio

Furthermore, the power ratio between P-SYNC and S-SYNC can be specified, either
as range or as a set of up to six single ratios. This information is used to provide fast
synchronization, i.e. while the scanner is searching for signals it first uses the
information provided in the power ratios to detect valid LTE data in the air. Even more
important, a correct information places here increases the measurement accuracy
significantly and reduced the probability of ghost code detection. So it is recommended
that once the power ratios are known for the set of configured frequencies, that these
values are in the measurement configuration.

In the case that a range is specified, the scanner has of course more possibilities to
correlate to the detected signal, and must therefore spend more time in the signal
processing algorithms. Providing up to six single ratios can boost the measurement
performance and accuracy as described. Valid values for these ratios are returned as
part of the measurement result and may be reused in further measurements.

The actual power ratios between the S-SYNC and P-SYNC are specified in dB. If, for
example, the emitted power of the S-SYNC is 4 times higher than that used for the P-
SYNC, the value 6 must be set in the RatioList: :afSSyncToPSyncRatiolnDB
resp. RatioRange: : fLowerRatiolnDB/RatioRange: : fUpperRatiolnDB of
the cviComLtelnterfaceData: : SFrequencySetting: : SSyncToPSyncRatioSettings
structure.

To calculate the value, the following formula can be used:

P, W
rdB]=10log| === W]

I:)P—Sync [\N]

The figure below visualizes shows some calculation examples for simple relations
between S-SYNC and P-SYNC power.

e
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8.2.1.3

Measuring LTE

p(f) Ratio 1/2 =-3 dB () Ratio 1/1 =0dB
W] P-SYNC W] SSYNC | P-SYNC

S-SYNC
p(h t Ratio 4/1=6 dB p(f) 1 Ratio 10/1 = 10 dB
w] W] S-SYNC

S-SYNC

P-SYNC
P-SYNC

Figure 35 S-Sync to P-Sync ratios

Some standard values are listed in the table below. The S-Sync and P-Sync weighting
refers to the power values in Watt. If the power values of S-Sync and P-Sync are given
in dBm, the ratio is simply the difference between those values.

S-Sync P-Sync Value [dB]
10 1 10

5 1 6.99

4 1 6.02

2 1 3.01

1 1 0

1 2 -3.01

1 4 -6.02

1 5 -6.99

1 10 10

Reference Signal Measurements

RSRP, RSRQ and RS-CINR sub band values can be measured with the LTE scanner
as well. It measures those values on the six innermost resource blocks the scanner
finds in a 100ms LTE measurement sample. According to the spec TS 36.214 it utilizes
only antenna 0 and 1 for the RSRP and RSRQ measurements. The six innermost
resource blocks will be located in the 1IMHz bandwidth around the center frequency.

RSRQ value is calculated based on the measured RSRP value. This is done by putting
the aforementioned RSRP in relation to the total in-band power of all the PBCH
resource blocks within the 100ms signal sample.

To get those results, it is required to turn the RSRP measurement mode on in the
measurement configuration. This is achieved by setting

CViComLtelnterfaceData: : SFrequencySetting: :wNarrowbandRefSignalMeasMode

e
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On top of the narrowband scanner a wideband measurement using the full
channelbandwidth is available. This version allows extended reference signal
measurements and supports RSRP, RSRQ, RS-CINR, RSSI as well as spectrum
values. Since the measurements are done over a wider bandwidth they are intended to
be slower and done on the stronger cells detected by the fast narrowband scanner.
Compared to the narrowband mode this measurement needs much more IQ data
(receiver time) and processing power (computation time). Rapid wideband
measurements on all cells would lead to exhaustive resource usage. Therefore some
conditions can be specified to limit the measurement to stronger cells only. These
include:

1. Maximum number of cells to measure on the specified channel.
2. Minimum RSRP in dBm as reported by the narrowband scanner.
3. Minimum SSync-CINR in dB.

4. Maximum RSRP difference in dB to the strongest cell.

As the wideband measurement relies on sub band results the narrowband mode has to
be activated using the above mentioned settings.

8.2.1.4 MIMO Measurements

Since ViCom 14.45 both R&S TSMW receive antenna ports can be utilized for Multiple-
Input Multiple-Output (MIMO) LTE measurements. All of the MIMO-specific
measurements are based on the full bandwidth and can be applied to 4x2 and 2x2
MIMO systems. The output is based on the channel H-matrix with complex values,
mean amplitude and phase. From the channel matrix, singular-value decomposition is
calculated. The result, the singular value, is used to obtain the condition number, which
gualifies whether the channel is “ill-conditioned” (no MIMO applicable) or “well-
conditioned” (MIMO usable).

As a requirement for MIMO one needs to activate the narrow- and wideband RS-CINR
measurements. Intentionally the MIMO measurements are only to be done for strong
cells, which means there are switches to restrict the calculations. In the same way it is
done for wideband RS-CINR.

The basic step to activate MIMO is to set the
ViComLtelnterfaceData: : SFrequencySetting: : SMimoSettings: :wMimoMe
asMode parameter to either wMIMO_MODE_2x2 for 2x2 MIMO configurations or to
wMIMO_MODE_2x4 for 2x4 MIMO respectively.

The measurements rely on the H-channel matrix, which is calculated per cell and per
resource block. This enables further drill-down to determine factors such as
interference, multipath fading, antenna correlation and noise in relation to their spectral
position
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GUI Sample Application
8.4.1.1 Connecting to R&S TSMW
1. First define the IP address of the R&S TSMW

TSMW Configuration
lrnddress 172,25 . 6 .28

2. Specify the load assignments for the front ends.

— TaMW Settings

TS Fronkend IFE-l 'I
Tarw Load [9&]: I ag

—Demodulator Settings
TS Fronkend FE-1 A

Tarw Load [9&]: I 10

3. Press the “Load LTE Scanner” button at the upper left corner of the sample
application. The application will try to connect to the R&S TSMW at the specified IP
address and assign the front ends load accordingly. If the connection is
successfully established, some information about the R&S TSMW will be displayed
in the read-only text box at the middle left of the dialog box.

IEEE1394 Yersion: 0.0.0.0
Connected: 1
Receiver Index: 0
Zhain Position: i}
Receiver Tyvpe: 300102

Receiver Model; 2

Serial Mumber: 100221
Firmware Version: 01,07

S Version: 1.36.2
Option Mask; 003003220

8.4.1.2 Configure the ViCom interface

At the right side of the dialog box, there are three text boxes to configure some
parameters of the scanning.

Result Buffer Depth I 1024
TSMW Load For Im—
Demodulation in %

SMR. threshold indg | 0.00

“Result Buffer Depth”

This Setting configures the maximum number of LTE scan results ViCom will buffer.
The results are buffered after the measurement is started, and if they are not retrieved
by any GetResult() function calls, and when the number of buffered results reach
the number specified in this text box, the earliest results will be discarded. The default
value is 1024. Pressing the “Set Result Buffer” button will set this value for ViCom.
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“TSMW Load for Demodulation in %"

This setting specifies the load percentage for the demodulator. The higher this value is,
the more resource R&S TSMW will spend on demodulation. The maximum value can
be set is 50. Pressing the “Set BCH demodulator” button will set this value for ViCom.

“SNR threshold for Demodulation in dB”

This setting specifies the SNR threshold for the demodulator. Only when the calculated
SNR of the signal is higher than the value specified here, the demodulator will
demodulate the signal. The default value is 0 (dB). Pressing the “Set BCH
demodulator” button will set this value for ViCom.

Frequency / Channel Settings

fChanneI (Frequency & Mode) Settings
Freq(MHz) Duplex ME-CINR WE-CINR RSSI MIMO  #
2145.0000 1 &7 1 1 0 0 |=]

[

This text box specifies the frequency / channel settings. Each line configures one
channel and consists of seven numbers. The meanings of these parameters are shown
in Table 5 Frequency / Channel Settings Parameters. Press “Enter” to create a new
line in the text box and configure another channel (The channel number).

Table 5 Frequency / Channel Settings Parameters

Seq. Label Meaning

1 Freq (MHz) Channel Frequency in MHz.

2 Duplex Duplex Mode. (1 — FDD; 2 - TDD)

3 NB-CINR Narrow-Band RS-CINR Mode. This is a bit flag, please refer to

SFrequencySetting::wNarrowbandRefSignalMeasMode inside
“ViComLtelnterfaceData.h” for more information. The default value is 67.

4 WB-CINR Wide-Band RS-CINR Mode. Set to ‘1’ to enable wide-band RS-CINR
measurement, set to ‘0’ to disable it.

5 RSSI Reference Signal Measurement modes. The default is ‘1’ for RSSI Normal Mode.

6 MIMO MIMO mode. (0 — No MIMO measurement; 1 — 2 x 2 MIMO measurement; 2 — 4 x
4 MIMO measurement)

7 # Channel Number. This number is automatically generated from the program, and
it is the same as the zero-based line number of the edit box. This value is for the
user’s reference only, changing it at the edit box won't affect ViCom'’s frequency

settings.
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Demodulation mode

There are different modes to perform LTE demodulations at measurement startup and
during measurement. The meaning of each demodulation mode and its usage is
explained in the following table.

Table 6 LTE Demodulation Modes

Mode (Integer value) Meaning Usage
1

PDU_DEMOD_ONCE (0) Demodulate the PDU for each BTS at the specified | S
channel only once.

PDU_DEMOD_ON_CMD (1) The PDU is only demodulated if an extra command | S
for demodulation requests the demodulation.

PDU_DEMOD_REPETITION (2) After each successful demodulation a new one will S
be started automatically after the repetition time
specified in wRepetitionDelayln100ms.

PDU_DEMOD_CHANNEL_RESET (6) Delete all demodulation results for all BTS at the D
specified channel. Restart demodulation for this
channel as specified in the command.

Start Measurement

PO Settings while Starting Measurment (Mew line: Ckrl + Enter)
Channel PDU Mode Repeatition {in ms)

10
11
1z
13
14
15
16
17
15
19
20

o
L4

o e e s e s e e e}
coocooo oo o oo
oo oOoooo oo oo

=l

This text box specifies demodulation configurations for each channel when starting
measurement. Each line configures the parameters for one PDU/demodulation mode
and consists of four numbers. The first one specifies the channel to configure the
demodulation parameters on, it must be one of the channel number specified in the
Frequency / Channel Settings (the first multi-line) text box; The second one specifies
which PDU to demodulate (for example: 10 for MIB, 13 for SIB 3 and so on); The third
one specifies the demodulation mode as described in Table 6 LTE Demodulation
Modes; The last one specifies the time if the demodulation mode is
PDU_DEMOD_REPETITION (It should be zero for all other cases). Press “Ctrl +
Enter” to create a new line in the text box and configure another demodulation request.

ls: Starting Measurement; D: During Measurement.
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During Measurement

PO Settings during Measurment (few line: Ckrl + Enter)
Chanmel PDU  Mode Rep, (ms) Bks ID

o 1m0 0 0 =]

[

This text box specifies the demodulation requests to be sent during the measurement.
Each line specifies one request and consists of five numbers. The first four parameters
are the same as described in the previous paragraph Start Measurement. The fifth one
specifies the BTS. It shall be set to zero by default. Press “Ctrl + Enter” to create a new
line in the text box and configure another demodulation request.

If all the demodulation requests are properly configured, you can then press the “Issue
Request button” to issue these demodulation requests while measurement is running,
i.e. after the Start Measurement button is pressed.

Saving / Loading

The buttons at the upper right corner are for setting saving/loading (serialization).
Pressing the “OK” button will save the configuration to the default configuration file
LteScannerSettings.bin (which will be examined and loaded on program start
up) and dismiss the dialog box, while pressing the “Cancel” button will dismiss the
dialog without saving the configurations. The “Load” / “Save” buttons are to load /save
the configurations from/to a file whose path is chosen at the user’s preference.

Pressing the button “Request Scanner Settings” will refresh the text boxes with the
current settings of the ViCom instance.
Additional Channel Settings

Pressing the button “Additional Settings” will open the “Additional Channel Settings”
dialog box. This dialog box offers a lot of additional settings for the channels.

The dialog box can be used to configure one single channel or all channels.

HE e —
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Additional Channel Settings i

—Frequency Settings —Wideband RS-CINR Settings —— ~RSSI Settings [ all Chanmels

OFDM Symbinls Per Slat

Average Meas. Rate (Hz)

RS5I Meas. Time (ms)
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Figure 38 Additional Channel Settings for Single Channel

Leave the “All Channels” check box at the right upper corner of the dialog box
unchecked to configure a single channel. In this single channel configuration mode,
you can switch among the channels by clicking the big horizontal spin control at the
right side of the dialog box, or you can directly input the channel number into the edit
box labeled “Channel”, just above the spin control. The large vertical horizontal
progress bar is an obvious indicator of the channel you are configurating, it changes
it's progress position when the channel is changed. When you made some changes in
the dialog box, you will be prompted to save the changes to that channel before
switching to anther channel.
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Figure 39 Additional Channel Settings for All Channels

Tick the “All Channels” checkbox to configure all channels. In this mode, if a specific
setting is different among the channels, the value will be displayed as blank (for text
boxes or combo boxes) or intermediate-checked (for checkboxes), and if you leave
these blanks or intermediate-checks unchanged, the dialog will not modify these
settings when you click “OK” to save the changes.

Start Measurement

After all the parameters are properly configured, you can press the “Start
Measurement” button to start measurement and ViCom will retrieve and buffer scan /
demodulation results from the R&S TSMW. To get these the scan results, press the
“Get 100 Results” button. It will gather 100 scan results and write them to the log file
LogFiles\ViComLteMeasurements.txt every time it is pressed.
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typedef CViComLtelnterfaceData::S LTE_RATIO_CONFIDENCE_INTERVALL
S_LTE_RATIO_CONFIDENCE_INTERVALL;

20 typedef CViComLtelnterfaceData::S_LTE_RS_CINR_VALUE
S_LTE_RS_CINR_VALUE;
typedef CViComLtelnterfaceData: :FrameStructureType

FrameStructureType;

typedef CViComLtelnterfaceData: :SSettings SSettings;
25 typedef CViComLtelnterfaceData: :SMeasResult SMeasResult;

typedef WORD

RefSignalMeasMode;

typedef SMeasResult::SPduResult SPduResul t;
30 typedef SMeasResult::SSignals SSignals;

typedef SMeasResult::SSignals::SCir SCir;

typedef SMeasResult::SSignals::SCir::SPowerDelayProfile
SPowerDelayProfile;
typedef SMeasResult::SSignals::SCir::SPeak SPeak;
35 typedef SMeasResult::SSignals::SPowerValue SPowerValue;
typedef SMeasResult::SWidebandRsCinrResult
SWidebandRsCinrResult;
typedef SMeasResult::SRssiAndSpectrumResult
SRssiAndSpectrumResult;
40 typedef SMeasResult::SMimoResult SMimoResult;

using namespace std;

/**
45 Create the measurement configuration for the test scenario.
*
/
SSettings getlLteMeasConfig( ResourceHandle resourceNarrowbandScanner,
ResourceHandle resourceWidebandScanner, ResourceHandle resourceDemodulator )
{
50 SSettings settings = SSettings();
settings.ResultBufferDepth.dwValue = settings.ResultBufferDepth.dwMax;
double dFrequenciesinMhz[] = {796.0};
DWORD dwNumberOfChannels = sizeof( dFrequenciesinMhz ) / sizeof( double );

55 // Activate BCH demodulation
DWORD dwRequests =12 *
dwNumberOfChannels; // Request 12 SIBs
SBchDemodulationSettings& rBCH =
settings.BchDemodulationSettings;
60 rBCH.sSINRThresholdDB100 =
rBCH.sMinSINRThresholdDB100;
rBCH.wLoadInPercent
rBCH.wOptLoadInPercent;
rBCH.sStartMeasurementRequests.dwCountOfPDURequests
65 rBCH.sStartMeasurementRequests . pPDURequest
S_LTE_PDU_Request[dwRequests];
memset( rBCH.sStartMeasurementRequests.pPDURequest, O,
rBCH.sStartMeasurementRequests.dwCountOfPDURequests * sizeof(S_LTE_PDU_Request)
)

dwRequests;
new

70
// Configure channels
for( DWORD dwChannellndex = 0; dwChannellndex < dwNumberOfChannels;
++dwChannel Index )
{
75 settings.ChannelSettings.dwCount = dwChannellndex+1;
SFrequencySetting& s =
settings.ChannelSettings.aTableOfFrequencySetting[dwChannel Index];
//
80 // Select the resources used to scan this channel.
//
s.resourceHandleForNarrowbandScanner = resourceNarrowbandScanner;
//
85 // Select the resources used to scan this channel.
//
s.resourceHandleForWidebandScanner = resourceWidebandScanner;
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//
a0 // Select the resources used to demodulate this channel.
//
s.resourceHandleForDemodulator = resourceDemodulator;
//
95 // The frequency that shall be measured, in Hertz and as floating
// point number
//
s.dCenterFrequencylnHz = dFrequenciesinMhz[dwChannelIndex] * 1000 * 1000;
100 //

// Since we do not know here how many symbols shall be used,
// the default setting is used which slows down synchronization
// a little bit, so if that information is known upfront,
// change the line below accordingly.
105 //
s.dwSymbolsPerSlotMask = s.dwDefaultSymbolsPerSlot;

//

// Type of the channel (FDD or TDD) must be known upfront to
110 // make the scanner handle the power management correctly.

//

s.enFrameStructureType = FrameStructureType::FDD;

//
115 // Define the measurement rate, i.e. how many blocks of 100ms

// shall be measured per second. Note that this is not a
// strong constraints that will be fulfilled in every second,
// but the scheduler attempts to create such a measurement
// rate over a longer period of time.

120 7/
// A value of 10 is the theoretical maximum value per receiver
// in the TSMW, as is easy to understand. The second
// TSMW receiver will be supported, but this will
// come in a future version.

125 //
s.dAvgBlockCountPer1000Sec = s.dwMaxAvgBlockCountPer1000Sec;

//

// Setup Reference Signal measurement mode for RSRP/Q / CINR measurement.
130 // Narrowband RS-CINR is required for the wideband RS-CINR!

//

s.wNarrowbandRefSignalMeasMode =
SFrequencySetting: :wNARROWBAND_RSRP_RSRQ |

135 SFrequencySetting: :wCENTER_RSCINR_6x180KHZ |
SFrequencySetting: :wlMHZ_FILTER_NOISE_FOR_15RB;

s.enBandwidthCtriIMode =
140 SFrequencySetting: :BandwidthCtriMode: :BW_FROM_MIB_ONCE;  // Needs active MIB
demodulation!

s.WidebandRsCinrSettings.wWidebandRsCinrMeasMode =
SFrequencySetting: :SWidebandRsCinrSettings: :wWIDEBAND_RS_CINR;
145 s.WidebandRsCinrSettings.dwFrontEndSelectionMask =
CViComBasiclnterfaceData: : TSMW_RF_FRONTEND_1;

//
// 1f the power ratio between P-SYNC and S-SYNC is known upfront,
150 // maybe from previous measurements, then the measurement accuracy

// can be increased (which reduces number of reported ghost codes).
// In this sample, the default is to tell the scanner to expect
// the ratio between the S-SYNC and P-SYNC to be between 1/4 and
// 1/1. The ratios are given in dB, which is the results of

155 // 10 * log ( P(S-SYNC)/P(P-SYNC) ).

s.enSSyncToPSyncRatioType = s.SSyncToPSyncRatioType::RatioRange;
s.SSyncToPSyncRatio.RatioRange.fLowerRatiolnDB = -6.F;
s.SSyncToPSyncRatio.RatioRange. fUpperRatiolnDB = 0.f;
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160
//
// Setup RSSI and spectrum measurements
//
s.RssiSettings.wRssiMeasMode =

165 cviComLtelnterfaceData: :SFrequencySetting: :SRssiSettings: :wRSSI_NORMAL_MODE;
S.RssiSettings.wRssiMeasTimelnMs 10;
s.RssiSettings.wSpectrumMeasTimelnMs 10;

s.RssiSettings.dwFrontEndSelectionMask
170 cviComBasiclnterfaceData: : TSMW_RF_FRONTEND_1;

//
// Setup MIMO measurements
//
175 s.MimoSettings.wMimoMeasMode = 0;

//
// As an alternative, a list of power ratios can be specified. This helps
// increasing the scanning accuracy and also provides faster
180 synchronization.
// The code below shows how two ratios can be set in that case. Note that
// although that looks like the code shown above, it has a different
meaning:
// The configuration below only checks the two ratios -6 dB and O dB,
185 whereas
// the one above also tries ratios in between that two borders.
//
//s.enSSyncToPSyncRatioType = s.SSyncToPSyncRatioType: :RatioList;
//s.SSyncToPSyncRatio.RatioList.dwValueCount = 2;
190 //s.SSyncToPSyncRatio.RatiolList.afSSyncToPSyncRatiolnDB[0]
//s.SSyncToPSyncRatio.RatioList.afSSyncToPSyncRatiolnDB[1]

-6.F;
0;

// Configure BCH-Demodulation
DWORD dwRequestsPerChannel = 12;
195 DWORD dwRequestStartlindex = dwChannellndex * dwRequestsPerChannel;
S_LTE_PDU_Request& rRequestMIB =
rBCH.sStartMeasurementRequests. pPDURequest[dwRequestStartindex];
S_LTE_PDU_Request& rRequestSIB =
200 rBCH.sStartMeasurementRequests.pPDURequest[dwRequestStartindex +1];
// Request MIB
rRequestMIB.dwChannel Index
rRequestMIB.ePDU
CViComLtelnterfaceData: :LTE_PDU_FOR_MIB;
205 rRequestMIB.eDemodulationMode
CViComLtelnterfaceData: :PDU_DEMOD_ONCE;
rRequestMIB.wRepetitionTimeOutlnMs
rRequestMIB.dwBtsld
// Request SIB 1
210 rRequestSIB.dwChannel Index
rRequestSIB.ePDU
CViComLtelnterfaceData: :LTE_PDU_FOR_SIB1;
rRequestSIB.eDemodulationMode
CViComLtelnterfaceData: :PDU_DEMOD_ONCE;
215 rRequestSIB.wRepetitionTimeOutlnMs
rRequestSIB.dwBtsld

dwChannel Index;

0;
0;

dwChannel Index;

0;
0;

// Request SIB 2 .. SIB 11
220 for ( DWORD idx = 2; idx < dwRequestsPerChannel; idx++ )
S_LTE_PDU_Request& rRequestPDU =
rBCH.sStartMeasurementRequests.pPDURequest[dwRequestStartIndex + idx];
rRequestPDU.dwChannel Index = dwChannel Index;
rRequestPDU.ePDU =
225 cviComLtelnterfaceData: :etLTE_PDU(idx+10); // Start with LTE_PDU_FOR_SIB2
rRequestPDU.eDemodulationMode
CViComLtelnterfaceData: :PDU_DEMOD_ONCE;
rRequestPDU.wRepetitionTimeOutlnMs
rRequestPDU.dwBtslId

0;
0;

230 b

e
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}

return settings;

}
235

/**
Helper operator to write information onto console.

240 You can extend this to add additional output when you are interested in more
details on the selected signals.

*/
ostream& operator<< (ostream& os, const SMeasResult& res)
{
245 0s << "dwChannellndex = " << res.dwChannellndex << endl;
0s << "dwTimestamplnMs = " << res.dwPcTimeStamplnMs << endl;
int j=0;
for (SViComList<SSignals>::SLinkedObject* p = res.ListOfSignals.pFirst;
250 p!=NULL;
p=p->pNext, ++j)
//
// General result describing the detected LTE station
255 17/
os << "\tPhysicalCellld [" << j << "] = " << p->wPhysicalCellld << endl;
0s << "\tScanner ID = " << p->dwScannerBtsldent << endl;
0s << "\tNumber of Symbols per Slot = " << unsigned(p-
>bNumberOfSymbolsPerSlot) << endl;
260 0s << "\tFrame Structure Type = " << (p->enFrameStructureType ==
FrameStructureType::FDD ? "FDD"™ : "TDD') << endl;

if ( p->pfSSyncToPSyncRatiolnDB )
0s << "\tS-Sync To P-Sync Ratio [dB]

' << *p->pfSSyncToPSyncRatiolnDB
265 << endl;

0s << ""\tExpected Time Drift [nsec/sec] = " << p-
>fExpectedTimeDriftInNsPerSec << endl;
0s << "\tSigma Time Drift [nsec/sec] = " << p->fSigmaTimeDriftinNsPerSec

270 << endl;

if ( 0 < p->sRefSignal .bAntennaMaskUsedForRSRP )

275 0s << "\tbAntennaMaskUsedForRSRP = "' << p-
>sRefSignal .bAntennaMaskUsedForRSRP << endl;
0s << ""\tsCenterRSRPInDBmM100 = " << p->sRefSignal.sCenterRSRPinDBm100
<< endl;
0s << "\tsPBCHbasedRSRQIinDB100 = " << p-
280 >sRefSignal.sPBCHbasedRSRQiIinNDB100 << endl;
0s << ""\tbNumberOfSymbolsUsedForRSRQ = " <<(unsigned int) p-

>sRefSignal . bNumberOfSymbolsUsedForRSRQ << endl;

}
if ( 0 < p->sRefSignal.pbUpDownLinkConfig )
285 os << "\tbUpDownLinkConfig = " << (unsigned int) *p-
>sRefSignal . pbUpDownLinkConfig << endl;
iT( 0 < p->sRefSignal.pNarrowbandRsCinrValues )

{
0s << "\tSubband RS-CINR result:" << endl;
290 for( DWORD i = 0; i < 4; i++)
os << "\t\tbRsCinrMeasResultConfig[" << 1 <<"] = " << p-
>sRefSignal .bRsCinrMeasResultConfig[i] << endl;
for( DWORD i1 = 0; 1 < p->sRefSignal.dwCountOfNarrowbandRsCinrValues;
i++ )
295 {
0s << "\t\t[" << i+l << "]: Linear average RE power [dBm] = "';
it p-
>sRefSignal .pNarrowbandRsCinrValues[i].sLinAverageREpower InDBm100 ==
S_LTE_RS_CINR_VALUE: :slInvalidValue )
300 0s << "-" << endl;
else

e
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0s << 0.01 * p-
>sRefSignal . pNarrowbandRsC|anaIues[l] sLlnAverageREpowerlnDBmlOO << endl;
os << "\t\t\t RS-CINR [dB]

305 it ( p->sRefSignal .pNarrowbandRsCinrValues[i]- sRsClannDBlOO
S_LTE_RS_CINR_VALUE: :slInvalidvalue )
0s << "-" << endl;
else
{
310 0s << 0.01 * p-

>sRefSignal .pNarrowbandRsCinrValues[i].sRsCinrInDB100 << endl;
0s << "\t\t\t\t\t68% confidence interval [dB]: "
it ( p-
>sRefSignal .pNarrowbandRsCinrValues[i]-Confidencelnterval68PercentOfsRsCinrinDB1
315 o00.bDeviationToLowerRatiolnDB10 ==
S_LTE_RATIO_CONFIDENCE_INTERVALL: :blnvalidvalue )

0s << "-" << endl;
else
os << "To lower ratio: " << 0.1 * p-
320 >sRefSignal .pNarrowbandRsCinrValues[i].Confidencelnterval68PercentOfsRsCinrinDB1l
00.bDeviationToLowerRatiolnDB10 << * To higher ratio: *;
it ( p-

>sRefSignal . pNarrowbandRsCinrValues[i].Confidencelnterval68PercentOfsRsCinrinDBl
00.bDeviationToHigherRatiolnDB10 ==
325 S_LTE_RATIO_CONFIDENCE_INTERVALL: :blInvalidvalue )
0s << "-" << endl;
else
0s << 0.1 * p-
>sRefSignal . pNarrowbandRsCinrValues[i].Confidencelnterval68PercentOfsRsCinrinDBl
330 00.bDeviationToHigherRatiolnDB10 << endl;
0s << "\t\t\t\t\t95% confidence interval [dB]: "
it ( p-
>sRefSignal . pNarrowbandRsCinrValues[i].Confidencelnterval95PercentOfsRsCinrinDBl
00.bDeviationToLowerRatiolnDB10 ==
335 S_LTE_RATIO_CONFIDENCE_INTERVALL: :bInvalidvalue )

0s << "-" << endl;
else
0s << "To lower ratio: "™ << 0.1 * p-
>sRefSignal . pNarrowbandRsCinrValues[i].Confidencelnterval95PercentOfsRsCinrinDBl
340 00.bDeviationToLowerRatiolnDB10 << "  To higher ratio: ';
it (p-

>sRefSignal . pNarrowbandRsCinrValues[i].Confidencelnterval95PercentOfsRsCinrinDBl
00.bDeviationToHigherRatiolnDB1
S_LTE_RATIO_CONFIDENCE_INTERVALL: :bInvalidvalue )
345 0s << "-" << endl;
else

0s << 0.1 * p-
>sRefSignal . pNarrowbandRsCinrValues[i].Confidencelnterval95PercentOfsRsCinrinDBl
00.bDeviationToHigherRatiolnDB10 << endl;

350 }
3
3
else
{
355 0s << "\tNo subband RS-CINR measurement” << endl;
3
//
// CIR Result
360 //
it ( p->pCir )
{
0s << endl << "\tChannel Impulse Response™ << endl;
0s << "\Tt\tPC Timestamp = " << p->pCir->dwPcTimeStamplnMs << endl;
365 0s << "\t\tDevice Time [ns] = " << p->pCir->u64DeviceTimelnNs<< endl;

if ( p->pCir->pPowerDelayProfile )
{

const SPowerDelayProfile* pdp = p->pCir->pPowerDelayProfile;
370
os << "\t\t\tlnband Power [dBm] = " << pdp->flnbandPowerInDBm <<
endl;
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os << "\t\t\tTotal Aggregated Power [dBm] = " << pdp-
>FAggregatePower InDBm << endl;
375 os << "\t\t\tNoise Floor [dBm] = * << pdp->fNoiseFloorInDBm << endl;
os << "\t\t\tSampling Time [sec] = " << pdp->fSamplingTimelnSec <<

endl;
os << "\t\t\tPower Values = ";
for ( unsigned int valldx = 0; valldx<pdp-
380 >PowerDelayProfileValues.dwCountOfvalues; ++valldx )

if ( pdp->PowerDelayProfileValues.psValuesInDBm10O[valldx] ==
SPowerDelayProfile: :SPowerDelayProfilevValues: :slnvalidvalue )
0s << - "
385 else
0s << 0.01 * pdp-
>PowerDelayProfileValues.psValuesInDBm10O[valldx] << " **

os << endl;

390 ¥
//
// The CIR Peaks are now written to the console
//
395 SViComList<SPeak>: :SLinkedObject* peaks = p->pCir->ListOfPeaks._pFirst;

while ( peaks )
{

0s << "\t\tCIR Peak" << endl;

os << "\t\t\tlnband Power [dBm] = " << peaks->flnbandPowerInDBm <<
400 endl;
s << "\t\t\tPeak Power [dBm] = " << peaks->fPeakPowerInDBm << endl;
if ( peaks->sDopplerlInHz != SPeak::slnvalidDopplerFrequencylnHz )
os << "\t\t\tDoppler Frequency [Hz] = " << peaks->sDopplerlnHz <<
endl;
405 0s << "\t\t\tDelay [sec] = " << peaks->fDelaylnSec << endl;
peaks = peaks->pNext;
3
¥
410
//
// Power Values with CINRs
//
const SViComList<SPowerValue>::SLinkedObject* pv = p-
415 >ListOfPowerValues.pFirst;
while ( pv )
{
os << endl << "\tPower Value" << endl;
420 if ( pv->pdwTimeFromStartOfBlockInNs )
os << "\t\tTime from Start of Block [nsec] = " << * pv-
>pdwT imeFromStartOfBlockInNs << endl;
425 0s << "\t\tS-Sync Channel Power [dBm] = " << pv->fPowerInDBm << endl;

//
// The P-Sync power can be calculated if the S-Sync to P-Sync ratio
// is known.
//
430 if ( p->pfSSyncToPSyncRatiolnDB )
os << "\t\tP-Sync Channel Power [dBm] = "
<< (pv->fPowerInDBm + * p->pfSSyncToPSyncRatiolnDB)

<< endl;
435 if ( pv->pfCinrPSyncinDB )
os << "\t\tAveraged CINR [dB] = " << pv->fCinrInDB << endl;
else
0s << "\t\tS-Sync CINR [dB] = " << pv->fCinrInDB << endl;

440
if ( pv->pfCinrPSynclInDB )
0s << "\t\tP-Sync CINR [dB] = " << * pv->pfCinrPSynclnDB << endl;
it ( pv->pfAmpBasedCinrPSynclInDB )
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0os << "\t\tP-Sync (Amplitude based) CINR [dB] = " << * pv-
445 >pfAmpBasedCinrPSyncInDB << endl;
if ( pv->pfCinrSSynclInDB )

0s << "\Tt\tS-Sync CINR [dB] = " << * pv->pfCinrSSyncInDB << endl;
if ( pv->pfAmpBasedCinrSSynclInDB )
0s << "\t\tS-Sync (Amplitude based) CINR [dB] = " << * pv-

450 >pfAmpBasedCinrSSyncInDB << endl;

pv = pv->pNext;
3
by
455 //
// Wideband RS-CINR values
//

SViComList<SWidebandRsCinrResult>: :SLinkedObject* widebandRsCinr =
res._ListOfWidebandRsCinrResults.pFirst;

460 while ( widebandRsCinr )
{
0os << "\tWideband RS-CINR" << endl;
0s << "\t\tScanner ID = " << widebandRsCinr->dwScannerBtsldent << endl;
os << "\t\tbTransmitAntennaPort = " << (int)widebandRsCinr-
465 >bTransmitAntennaPort << endl;
os << "\t\tdwFrontEndSelectionMask = " << (int)widebandRsCinr-
>dwFrontEndSelectionMask << endl;
os << "\t\tNumber of RB used = " << widebandRsCinr->wRBNumberOfBts <<
endl;
470 os << "\t\tNumber of RE used = " << widebandRsCinr->dwCountOfUsedREs <<
endl ;
0s << "\t\tRSRP [dBm] = " << 0.01 * widebandRsCinr->sRSRPinDBm100 << endl;
0os << "\t\tRSRQ [dB] = " << 0.01 * widebandRsCinr->sRSRQinDB100 << endl;
0s << "\t\tRSRP [dBm] (noise clipping) = " << 0.01 * widebandRsCinr-
475 >sNoiseClippedRSRPinDBm100 << endl;
os << "\t\tRSRQ [dB] (noise clipping) = " << 0.01 * widebandRsCinr-

>sNoiseClippedRSRQiInDB100 << endl;
iT( widebandRsCinr->pWidebandRsCinrValues )

{
480 0s << "\t\tRS-CINR Values" << endl;

for( DWORD dwRsCinrlndx = 0; dwRsCinrlndx < widebandRsCinr-
>dwCountOfSubbands; dwRsCinrindx++ )
{
485 0s << "\t\t[" << dwRsCinrlndx << "]: RS-CINR [dB] = " << 0.01 *
widebandRsCinr->pWidebandRsCinrValues[dwRsCinriIndx].sRsCinrInDB100 << endl;
// TODO: check for S_LTE_RS_CINR_VALUE::slInvalidValue
os << "\t\t\t68% confidence interval [dB]: *;
0os << "To lower ratio: " << 0.1 * widebandRsCinr-
490 >pWidebandRsCinrValues[dwRsCinrindx]. Confldencelnterval68Percent0stsC|nrlnDBlOO
_bDeviationToLowerRatiolnDB10 << ' "
0s << "To higher ratio: " << 0.1 * widebandRsCinr-
>pWidebandRsCinrValues[dwRsCinrindx].Confidencelnterval68PercentOfsRsCinrinDB100
_bDeviationToHigherRatiolnDB10 << endl;
495 0s << "\t\t\t95% confidence interval [dB]: "
0s << "To lower ratio: "™ << 0.1 * widebandRsCinr-
>pWidebandRsCinrValues[dwRsCinrindx]. Confldencelnterval95PercentOstsC|nrlnDBlOO
.bDeviationToLowerRatiolnDB10 << "' -
0s << "To higher ratio: " << 0.1 * widebandRsCinr-
500 >pwWidebandRsCinrValues[dwRsCinrlindx].Confidencelnterval95PercentOfsRsCinrinDB100
-bDeviationToHigherRatiolnDB10 << endl;

3
3

505 widebandRsCinr = widebandRsCinr->pNext;

ks

//

// RSSI and spectrum values

//
510 SViComList<SRssiAndSpectrumResult>::SLinkedObject* rssiAndSpectrum =

res._ListOfRssiAndSpectrumResults.pFirst;
while ( rssiAndSpectrum )

iT( rssiAndSpectrum->psRssiInDBm100 )

e
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515 {
0s << "\tRSSI and Spectrum Result" << endl;
os << "\t\tdwFrontEndSelectionMask = " << rssiAndSpectrum-
>dwFrontEndSelectionMask << endl;
0s << "\t\tRSSI Bandwidth [Hz] = " << rssiAndSpectrum-
520 >fUsedRssiBandwidthlnHz << endl;
0s << "\t\tRSSI [dBm] = " << 0.01 * ( *rssiAndSpectrum->psRssilnDBm100

) << endl;

}
iT( rssiAndSpectrum->pSpectrumResult )
525 {

0s << "\t\tSpectrum Frequency Spacing [Hz]
>fSpectrumFregDistancelnHz << endl;

' << rssiAndSpectrum-

os << "\t\tNumber of FFTs for spectrum[Hz] = " << rssiAndSpectrum-
>wCountOfFFtsForSpectrum << endl;
530 0s << "\t\t6-dB RBW [Hz] = " << rssiAndSpectrum-

>f6dBResolutionBandwidthlnHz << endl;

os << "\t\tPower values"™ << endl;

for( DWORD dwSpectrumlndx = 0; dwSpectrumlndx < rssiAndSpectrum-
>pSpectrumResult->dwCountOfSpectrumValues; dwSpectrumlndx++ )

535 0s << "\t\t[" << dwSpectrumlndx << "]: RMS [dBm] = " << 0.01 *
rssiAndSpectrum->pSpectrumResult-
>psRmsSpectralPowerValue InDBm100[dwSpectrumIndx] << endl;
¥

540 rssiAndSpectrum = rssiAndSpectrum->pNext;
by
//
// MIMO results
// Not supported yet!
545 7/
SViComList<SMimoResult>::SLinkedObject* mimo = res.ListOfMimoResults._pFirst;
while ( mimo )

{
0s << "\tMIMO Result:" << endl;
550 0s << "\t\tScanner ID = " << mimo->dwScannerBtsldent << endl;
mimo = mimo->pNext;
ks
//
555 // BCH demodulation results
//
if ( NULL != res.pPduResult )
{
const SPduResult* pPDU = res.pPduResult;
560 0s << "PDU Result" << endl;
0os << "\tndwBtsld = " << pPDU->dwBtsld << endl;
0s << "\tdwFirstBtsld = " << pPDU->dwFirstBtsld << endl;
0s << "\tdwStartTimelnMs = * << pPDU->dwStartTimelnMs << endl;
os << "\tdwStopTimelnMs = * << pPDU->dwStopTimelnMs << endl;
565 0s << "\tePDU = " << pPDU->ePDU << endl;
0s << "\tdwBitCount = " << pPDU->dwBitCount << endl;
os << "\twPhysicalCellld = " << pPDU->wPhysicalCellld << endl;
// We don"t display the bit stream pPDU->pbBitStream
3
570 return os;
}
/**

Worker function. The structure is pretty easy. In contrast to other sample
575 applications, the methods used here throw CViComError exception objects in
case that a problem arises, and these exceptions will be handled in the calling
method.
*/
void doLteMeasurement( CViComLtelnterface& rinterface, const SSettings&
580 measConfig )
{

DWORD const dwTimeout_ms = 15000;

// Setting up the measurement
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585 rinterface.GetBasiclnterface().SetResultBufferDepth  (
measConfig.ResultBufferDepth s

rinterface.SetFrequencyTable C
measConfig.ChannelSettings );

rinterface.SetBchDemodulationSettings (

590 measConfig.BchDemodulationSettings );

// Starting the measurement
rinterface.GetBasiclnterface() .StartMeasurement();

595 // Getting measurement results
const SMeasResult* pRes = NULL;
unsigned int resultCount = 0;
while ( pRes = rinterface.GetResult(dwTimeout_ms) )

600 if ( _kbhitQ )
break;
cout << string(30,"=") << " SMeasResult " << ++resultCount << endl;
cout << *pRes << endl

605 if ( NULL '= pRes->pPduResult )
{
// Decode PDU and display the text
CViComLtelnterfaceData: :SL3DecoderRequestData  sRequest;
sRequest.m_dwPDU pRes->pPduResult->ePDU;

610 sRequest.m_dwBitCount pRes->pPduResult->dwBitCount;
DWORD dwByteCount (sRequest.m_dwBitCount+7)/8;
sRequest.m_pbBitStream new BYTE[dwByteCount];
memcpy( sRequest.m_pbBitStream, pRes->pPduResult->pbBitStream,

dwByteCount );

615 CViComLtelnterfaceData: :SL3DecoderResultData* plL3data =

rinterface.RetrieveTextForPDU( sRequest );
if ( NULL != pL3data )

DWORD dwLen = pL3data->m_dwStringlLength;
620 cout << "PDU Text >" << plL3data->m_pcStringPDU << endl;

delete [] sRequest.m_pbBitStream;
sRequest.m_pbBitStream = NULL;

}
625 }

// Stopping the measurement

rinterface.GetBasiclnterface() .StopMeasurement();

rinterface.GetBasiclnterface() .HasMeasurementStopped(10 * 1000);
630 3

/**
Program entry point
*/
635 int _tmain(int argc, _TCHAR* argv[])

CViComLoader<CViComLtelnterface, CViComLoader_TSMW> loader;

try
{
640 7/
// TSMW devices are connected using the IP address at which they can be
reached.
//
loader.ConnectTsmw (*'192.168.0.2");
645
//
// Assign the resources
//
CViComBasiclnterface& rifc = loader->GetBasiclnterface();
650 // Use frontend 1 with up to 50% load for narrowband scanning
ResourceHandle resourceNarrowbandScanner =

rifc.GetTsmwResource(CViComBasiclnterfaceData: :TSMW_RF_FRONTEND_1, 50 );

// Use frontend 1 with up to 50% load for wideband scanning
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655 ResourceHandle resourceWidebandScanner =
rifc._GetTsmwResource(CViComBasiclnterfaceData: : TSMW_RF_ FRONTEND 1, 50 );

// Use frontend 2 with up to 100% load for demodulatlon
ResourceHandle resourceDemodulator
660 riIfc.GetTsmwResource(CViComBasiclnterfaceData: : TSMW_RF_ FRONTEND 2, 100 );

doLteMeasurement ( *loader, getlLteMeasConfig( resourceNarrowbandScanner,
resourceWidebandScanner, resourceDemodulator ) );

665 7/
// Disconnecting the TSMW is done using the method shown below, not
Release() known from the TSMx related CViComLoader classes
//
loader ._DisconnectTsmw();

670
catch (const CViComErroré& err)
{
cerr << "CViComError (" << err.GetErrorCode() << ") \'"" <<
err.GetErrorString() << "\"" << endl;
675 T

return O;

¥

The most interesting parts in the sample code are the initialization sequence (lines
462-467) of the R&S TSMW, the configuration function getLteMeasConfig() (lines
35-191) and the result output in the overloaded operator << (lines 200-452).
Initialization of the R&S TSMW is here done with the default IP address of the R&S
TSMW. If this address has been changed, it must be adapted to the new setting to
make the sample application run properly.

The measurement configuration is performed in the getLteMeasConfig() function.
In this very simplistic scenario, it is configured to perform scanner measurement on a
single frequency 806 MHz (line 39/76), and the demodulation of MIB and SIB1 is
enabled (lines 159-187). The S-Sync/P-Sync ratio is not known, so a certain range is
specified upfront (lines 128-130). Alternatively, the commented code fragment below
can be utilized to set fixed ratios that shall be checked (lines 140-143).

The scanner measurement is setup to run on front-end 1, and the demodulation is also
performed on the second front-end (see lines 524 resp. 530).

From all the other ViCom sample applications the main measurement loop (lines 474-
499) is probably known. It simply process all results as long as there are any found
within 10 seconds or unless a key is pressed. If a demodulation result is received, the
byte buffer is decoded into a human-readable representation.

Result output is performed using the stream operator <<, which is overloaded and will
print all valid values from the SMeasResul t structure to stdout.

In comparison to the other sample applications, which introduce some exception handling
by themselves, the ViCom LTE interface is the first to directly support exceptions in the
interface. That is the reason why no specific CViComError instance is used throughout the
code. All the Error handling is done in the central catch block (lines 539-542).

e
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Downlink Map

The Downlink Map (DL-MAP) message (Management Message Type = 2) defines the
access to the DL information. It contains the following information:

e DCD Count
e No. OFDMA Symbols

DL-MAP also contains some IEs, of which we are interested in the Downlink Burst
Profile (whose DIUC is between 0 and 12, both inclusive). It contains the following
information:

OFDMA Symbol Offset
Subchannel Offset
Boosting

No. OFDMA Symbols
No. Subchannels
Repetition Coding

Uplink Map

The Uplink Map (UL-MAP) message (Management Message Type = 3) allocates
access to the UL channel. It contains the following information:

e UCD Count
e Allocation Start Time
e No. OFDMA Symbols

UL-MAP also contains some IEs, of which we are interested in the CDMA BR, CDMA
ranging (whose UIUC is 12). It contains the following information:

OFDMA Symbol Offset
Subchannel Offset

No. OFDMA Symbols

No. Subchannels

Ranging Method

Dedicated Ranging Indicator

Compressed Map

In addition to the standard DL-MAP and UL-MAP formats described above, there are
also Compressed Maps. The presence of the Compressed DL-MAP format is indicated
by the contents of the most significant three bits of the first data byte. When this
combination of three bits is set to 110 (an invalid combination for a standard header in
the downlink), the compressed DL-MAP format is present. A compressed UL-MAP
shall only appear after a compressed DL-MAP. The presence of a compressed UL-
MAP is indicated by a bit in the compressed DLMAP data structure.
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Compressed DL-Map

The Compressed DL-MAP presents the same information as the standard format with one
exception. In place of the DL-MAP’s 48-bit Base Station ID parameter, the compressed
format provides a subset of the full value, i.e. Operator ID and Sector ID. The Operator ID
holds the 8 LSBs of the 24 MSBs of the 48-bit Base Station ID parameter, and the sector
ID holds the 8 LSBs of the 48-bit Base Station ID parameter. When the compressed format
is used, the full 48-bit Base Station ID parameter shall be published in the DCD.

Compressed UL-Map

The Compressed Uplink Map (UL-MAP) format may only appear after a compressed DL-
MAP message to which it shall be appended. The message presents the same information
as the standard format with the exception that the generic MAC header is omitted.

DL Channel Descriptor & UL Channel Descriptor

A DL Channel Descriptor (DCD) is transmitted by the BS at a periodic interval to define
the characteristics of a DL physical channel. A UL Channel Descriptor (UCD) is
transmitted by the BS at a periodic interval to define the characteristics of a UL
physical channel. They contain information described below.

DCD
e Configuration Change Count

ucbD

Configuration Change Count
Ranging Backoff Start
Ranging Backoff End
Request Backoff Start
Request Backoff End

Both DCD and UCD may contain optional TLV fields, some of them are described as
follows

DCD

Transmit/Receive Transition Gap (TTG)
Receive/Rransmit Transition Gap (RTG)

BS EIRP in dBm

EIRXPIR,max

Base Station ID in case of compressed DLMAP.
MAC Version
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Figure 44 — control buttons and parameter fields

The “Set..” buttons correspond to interface functions that set parameters in the
scanner. An initial set of default values appear in the settings fields (the white columns
in the figure above). These can be edited in the fields, and sent to the scanner by
clicking the corresponding “Set” button.

Note that the scanner has its own set of default values for all parameters except the
frequencies. The scanner will use its own default values, unless they have been
overridden by interface function calls using the dialogue buttons. Because there is no
default value for the frequency in the scanner, at least one frequency must be set using the
“Set Frequencies” dialogue button, before any measurements can be made.

The Scanner settings remain in the scanner until new interface functions are called.
The only exception is the settings for the BCH demodulator. These settings are
channel specific and reset to default values when the frequency settings are changed.

The other buttons in the figure above correspond to interface functions that deal with
measurements, and with unloading the scanner. “Start Measurement” tells the system
to start measuring. “Get Result Counters” causes the current number of measurement
results in the ViCom interface buffer to be displayed, as well as the number of
measurements that have been deleted if the buffer has overflowed.

“Get next 100" causes the application to get the next 100 measurement results from
the interface buffer, The results will be written to the file ViComMeasurements, in the
sub-directory \Application\LogFiles.

After making a measurement, the R&S TSMW can be unloaded using the “Release
WIMAX Scanner” button.
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using namespace std;

20 7/ Error display macro
#define DUMP_VICOM_ERROR(ViComError) \
cerr << __ FILE__ << "(" << _LINE__ << ™) - " N\
<< _ _FUNCTION__ << "():: CViComError (' << err.GetErrorCode() << ") \"" \
25 << err.GetErrorString() << "\ << endl;
// typedef for less typings.

typedef CViComBasiclnterfaceData: :DeviceResourceHandle ResourceHandle;
typedef CViComBasiclnterfaceData: :SConnectedReceiverTable
SConnectedReceiverTable;

30 typedef CViComBasiclnterfaceData: :etTsmwFrontendld etTsmwFrontendld;
typedef CViComBasiclnterface: :SMessage SMessage;
typedef CViComWiMaxInterfaceData: :SChannelSettings SChannelSettings;
typedef CViComWiMaxInterfaceData: :SFrequencySetting SFrequencySetting;
typedef CViComWiMaxInterfaceData: :SBchDemodulationSettings

35 sBchDemodulationSettings;
typedef CViComWiMaxInterfaceData: :SResultBufferDepth SResultBufferDepth;
typedef CViComWiMaxInterfaceData: :SSettings SSettings;
typedef CViComWiMaxInterfaceData: :SMeasResult SMeasResult;
typedef SMeasResult::SSegmentMeas SSegmentMeas;

40 typedef SMeasResult::SCir SCir;
typedef SCir::SPowerDelayProfile SPowerDelayProfile;
typedef SCir::SPeak SPeak;
typedef SMeasResult::SDIfp SDIfp;
typedef SMeasResult::SPduResult SPduResult;

45 typedef CViComWiMaxInterfaceData: :etPDU_DEMOD MODE etPDU_DEMOD_MODE;
typedef CViComWiMaxInterfaceData: :etWiMaxMessageType etWiMaxMessageType;
typedef CViComWiMaxInterfaceData: :etMacManagementPDU etMacManagementPDU;

typedef CViComWiMaxInterfaceData::S_PDU_Requests
typedef S_PDU_Requests::S_WiMax_PDU_Request

50 typedef CViComWiMaxInterfaceData: :SL3DecoderRequestData
SL3DecoderRequestData;
typedef CViComWiMaxInterfaceData: :SL3DecoderResultData
SL3DecoderResultData;

S_PDU_Requests;
S_WiMax_PDU_Request;

typedef SL3DecoderResultData::SDImap SDImap;

55 typedef SDImap::SDImaplE SDImaplE;
typedef SDImaplE::SIEBurstProfile SIEBurstProfile;
typedef SL3DecoderResultData: :SUlmap SUlmap;
typedef SUlmap::SUlmaplE SUIlmaplE;
typedef SUImaplE::SIERanging SIERanging;

60 typedef SL3DecoderResultData: :SDcd SDcd;
typedef SL3DecoderResultData: :SUcd SUcd;
typedef SL3DecoderResultData::STlv STlv;
typedef SL3DecoderResultData: :SMobNbrAdv SMobNbrAdv;
typedef SMobNbrAdv::SNeighbor SNeighbor;

65 typedef STIlv::SDownlinkBurstProfile

SDownlinkBurstProfile;

typedef STIlv::SUplinkBurstProfile SUplinkBurstProfile;
typedef SL3DecoderResultData: :SRngRsp SRngRsp;
typedef SL3DecoderResultData: :SRegRsp SRegRsp;

70 typedef SL3DecoderResultData: :SMobBshoReq SMobBshoReq;
typedef SL3DecoderResultData: :SMobMshoReq SMobMshoReq;
typedef SL3DecoderResultData: :SMobBshoRsp SMobBshoRsp;
typedef SL3DecoderResultData: :SMobScnRep SMobScnRep;

5 typedef SL3DecoderResultData: :SMobPagAdv SMobPagAdv;

// File scope globals
static string
static vector<double>
80 static vector<DWORD>
static short
set to 15.0 dB.
static vector<DWORD> g_dwChannel Index;
index for the corresponding PDU type.
85 static vector<etMacManagementPDU> g_ePduVector;
// Set the PDU type for TLV display as there is no way to pass this information
in overloading the << operator.

g_sAddr = "192.168.0.2";
g_dCenterFreqlnHzVector;
g_dwBandWidthVector;

g_sCINRThresholdInDB100 = 1500; // Default

// Holds the channel
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static etMacManagementPDU g_ePduForTlvDisplay;

// Specify which front-end to be used for scanning and which front-end to be
90 used for demodulation.

// By default, front-end one is used for scanning and front-end two is used for

demodulation.

static string g_sFrontEnds = "12";

95 7/ utility functions ====>

/**
Get the string to display the frequency in a more user-friendly way.
@param[in] dCenterFreqlnHz Frequency in Hz.
@return A std::string containing the user-friendly representation of the

100 frequency.

*/

string GetUserFriendlyFreq(double dwFreqlnHz)

{

105

ostringstream oss;

if(dwFreqlnHz < 1000) {
0ss << dwFreqlnHz << " Hz";
} else if(dwFreqlnHz < 1000 * 1000) {
0ss << dwFreqlnHz / 1000 << " KHz";
110 } else if(dwFreqlnHz < 1000 * 1000 * 1000) {
0oss << dwFreqlnHz / (1000 * 1000) << " MHz";
// .0 to avoid warning C4307: "*" : integral constant overflow.
} else if(dwFreglnHz < 1000.0 * 1000 * 1000 * 1000) {
0ss << dwFreqlnHz / (1000 * 1000 * 1000) << " GHz";
115 } else { 7/ too big? still use GHz as the unit.
0ss << dwFreqlnHz / (1000 * 1000 * 1000) << " GHz";

}

return oss.str();

120}
//' BadConversion exception defined to be used by StringToNumber(std::string
const& s)
class BadConversion : public std::runtime_error {
125 public:
//1 Constructor
BadConversion(std: :string const& s)
: std::runtime_error(s)
{3}
130 3;
/**

Convert a string to the given type NUM_TYPE.
@param[in] s A reference to the string to be converted.

135 @return The converted data (of NUM_TYPE).
http://www.parashift.com/c++-faqg-lite/misc-technical-issues.html#fag-39.2
*/

template<class NUM_TYPE>
inline NUM_TYPE StringToNumber(std::string const& s)
140 {
std::istringstream i(s);
NUM_TYPE x;
it (1 > x)) {
throw BadConversion('StringToNumber<" +
145 std: :string(typeid(NUM_TYPE) .name()) + ">(\"" + s + "\')");

return x;
hs
150 7/ <==== Utility functions
/**

Parse the given argument string and set the corresponding option of
the program if the argument string is valid.
155 @param[in] arg The given argument string.
@return true if the given argument string contains a valid option/switch.
false if the given argument string contains no valid option/switch.
*/

1 —
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bool ParseArg(char* arg) {
160 string s(arg);
// ToUpper() for std::string
// http://www.dreamincode.net/forums/topic/15095-convert-string-to-uppercase-
in-c/
transform(s.begin(), s-end(), s-begin(), std::toupper);
165

const string addrPrefix("'-ADDR="");
const string cfPrefix("-CF=");
const string bwPrefix(''-BW="");
const string cinrPrefix(""-CINR="");
170 const string pduPrefix('*-PDU="");
const string fePrefix("-FE="");

if(s.substr(0, addrPrefix.length()) == addrPrefix) {
g_sAddr = s.substr(addrPrefix.length());
175 } else if(s.substr(0, cfPrefix.length()) == cfPrefix) {
string& sCf = s._substr(cfPrefix.length());
try {
g_dCenterFreglnHzVector . push_back(StringToNumber<double>(sCf));
} catch (BadConversion&) {
180 cerr << "Invalid center frequency specified: " << sCF << endl
<< "™ The center frequency must be specified in HZ" <<endl;

3
} else if(s.substr(0, bwPrefix.length()) == bwPrefix) {
string& sBwArg = s.substr(bwPrefix.length(Q);

185 if(sBwArg == "3.5M") {
g_dwBandWidthVector . push_back(SFrequencySetting: :WIMAX_BW_3_5);
} else if(sBwArg == "5M") {
g_dwBandWidthVector.push_back(SFrequencySetting: :WIMAX_BW_5);
} else if(sBwArg == "7M") {
190 g_dwBandWidthVector . push_back(SFrequencySetting: :WIMAX_BW_7);
} else if(sBwArg == "8.75M") {
g_dwBandWidthVector.push_back(SFrequencySetting: :WIMAX_BW_8 75);
} else if(sBwArg == "10M™) {
g_dwBandWidthVector.push_back(SFrequencySetting: :WIMAX_BW_10);
195 } else {
cerr << "Invalid bandwidth specified: " << sBwArg << endl
<< " Must be one of: 3.5M | 5M | 7M | 8.75M | 10M" <<endl;
3
} else if(s.substr(0, cinrPrefix.length()) == cinrPrefix) {
200 string& sCinr = s.substr(cinrPrefix.length(Q));
try {

_SCINRThresholdInDB100 = (WORD) (StringToNumber<double>(sCinr) * 100);
} catch (BadConversion&) {
205 cerr << "Invalid CINR threshold specified: "™ << sCinr << endl;
}
} else if(s.substr(0, pduPrefix.length()) == pduPrefix) {
string& sPdu = s._substr(pduPrefix.length());
try {
g_ePduVector . push_back((etMacManagementPDU)StringToNumber<int>(sPdu));
210 // 1T no center frequency specified yet, set the corresponding channel
index to zero,
// as later we will guarantee there is at least once frequency in
g_dCenterFreqlnHzVector in GetArgOptions().
_dwChannel Index.push_back(max(0, g_dCenterFreglnHzVector.size() - 1));

215 } catch (BadConversion&) {
cerr << "Invalid ePDU specified: " << sPdu << endl
<< " The ePDU must be specified in integer" <<endl;

}
} else if(s.substr(0, fePrefix.length()) == fePrefix) {

220 string& sFe = s.substr(fePrefix.length());
if(sFe == "11" || sFe == "12" || sFe == "21" || sFe == "22")
{
g_sFrontEnds = sFe;
} else {
225 cerr << "Invalid front-end usage specified: " << sFe << endl
<< " The front-end usage must be specified as one of the

following:" << endl
<< "™ 11, 12, 21, 22." << endl
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<< " The first number specifies which front-end to be used for
230 scanning,™ << endl
<< " The second number specifies which front-end to be used for
demodulation."” << endl;
b
} else {
235 cerr << "lInvalid argument: " << arg << endl;
return false;
3
return true;
240 }
/**

Set the options according to the program arguments.
@param[in] argc The argc in C/C++.
245 @param[in] argv The argv in C/C++.
@return true if the given argument string contains a valid option/switch.
false if the given argument string contains no valid option/switch.
*/
bool GetArgOptions(int argc, char* argv[])
250 {
for(int i1 = 1; i1 < argc; i++) {
if(1ParseArg(argv[i])) {
return false;
}

255 3

// Set at least one default frequency.
if(g_dCenterFreqlnHzVector.empty()) {
g_dCenterFreqlnHzVector .push_back(2600. * 1000 * 1000);
260 3}

// Make sure the bandwidth list and the frequency list match each other.
for(vector<double>::size_type i = g_dwBandWidthVector.size(); i <
g_dCenterFreqlnHzVector.size(); i++) {
265 g_dwBandWidthVector .push_back(SFrequencySetting: :WIMAX_BW_10); // Set 10M
for those frequencies with unspecified BW.

}

for(vector<DWORD>::size_type i = g_dCenterFreqlnHzVector.size(); 1 <
270 g_dwBandWidthVector.size(); i++) {
g_dwBandWidthVector.pop_back();

3
return true;
275%
/**

Create the measurement configuration for the measurement scenario.
@param[in] resourceScanner Resource handler for the scanner.
280 @param[in] resourceDemodulator Resource handler for the demodulator.
@return A SSetings structure to config the measurement.

*/

SSettings getWiMaxMeasConfig (ResourceHandle resourceScanner, ResourceHandle
285 resourceDemodulator)
{
SSettings settings = SSettings();
settings.ResultBufferDepth.dwValue = settings.ResultBufferDepth.dwMax;

290 for (DWORD i = 0; i < g_dCenterFreqlnHzVector.size(); i++)
{
settings.ChannelSettings.dwCount = i+1;
SFrequencySetting& s =
settings.ChannelSettings.aTableOfFrequencySetting[i];

295
//
// Select the RF frontend used to measure this frequency.
//
s.resourceHandleForScanner = resourceScanner;
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300 s.resourceHandleForDemodulator = resourceDemodulator;

//
// The frequency that shall be measured, in Hertz and as floating
// point number

305 //
s.dFregRangeMinlnHz = g_dCenterFreqlnHzVector[i];
s.dFregRangeMaxInHz = g_dCenterFreglnHzVector[i];

s.dwNomBandWidthRangeMinlnHz
310 s .dwNomBandWidthRangeMax InHz

}

DWORD dwRequests = g_ePduVector.size();
SBchDemodulationSettings& rBCH =
315 settings.BchDemodulationSettings;
rBCH.sCINRThresholdInDB100 =
g_sCINRThresholdInDB100;
rBCH.wLoadInPercent
rBCH.wOptLoadlnPercent;
320 rBCH.sStartMeasurementRequests . dwCountOfPDURequests
rBCH.sStartMeasurementRequests. pPDURequest
S_WiMax_PDU_Request[dwRequests];
memset( rBCH.sStartMeasurementRequests.pPDURequest, O,
rBCH.sStartMeasurementRequests.dwCountOfPDURequests *
325 sizeof(S_WiMax_PDU_Request) );

g_dwBandWidthVector[i];
g_dwBandWidthVector[i];

dwRequests;
new

Tfor(DWORD i = 0; i < dwRequests; i++)

S_WiMax_PDU_Request& rRequest =
330 rBCH.sStartMeasurementRequests.pPDURequest[i];
rRequest.dwChannel Index = g_dwChannel Index[i];
rRequest.eMsgType =
CViComWiMaxInterfaceData: :MAC_MANAGEMENT_MESSAGE;
rRequest.ePDU = g_ePduVector[i];
335 rRequest.eDemodulationMode
CViComWiMaxInterfaceData: : PDU_DEMOD_ONC

omi |

rRequest.dwRepetitionTimeOutinMs 0;
rRequest.dwBtslid 0;
3
340
return settings;
¥
/**

345 Helper operator to write information onto console.
You can extend this to add additional output when you are interested in more
details on the selected signals.
@param[in] os The ostream (normally, cout).
@param[in] res The SMeasresult struct to be dumped.

350 @return A reference to os.
*
oétream& operator<< (ostream& os, const SMeasResult& res)
{ static int resultCount = 0O;
355 int i = 0;
0s << string(16, "=7) << " Measurement Result " << ++resultCount << " " <<

string(16, "=") << endl;
360 if(SViComList<SSegmentMeas>::SLinkedObject* p = res.ListOfSegmentMeas.pFirst)
{

0s << "Channel Index " << res.dwChannellndex << endl;
0s << "Center Frequency " << res.dCenterFreglnHz << " Hz" << endl;
os << "Nominal Bandwidth " << res.dwNomBandwidthlnHz << " Hz" << endl;
0s << "FFT Size " << res.dwFftSize << endl;

365 0s << "CP Ratio " << res.dwCpRatio << endl;
0s << "Frame Rate " << res.dwFrameRatelnHz << " Hz" << endl;

i =0;
for(SViComList<SSegmentMeas>: :SLinkedObject* p =
370 res.ListOfSegmentMeas.pFirst;
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p '= NULL;
p = p->pNext, ++i)
{
0s << "[Segment Measurement " << i << "]" << endl;
375 0s << " Preamble Index = " << (int)p->bPreamblelndex << endl;
0s << " Segment = " << (Iint)p->bSegment << endl;
os << " ID Cell = " << (int)p->bldCell << endl;
3
380 i=0;
for(SViComList<SCir>::SLinkedObject* p = res.ListOfCirs._pFirst;
p '= NULL;
p = p->pNext, ++i)
{
385 0s << "[CIR "™ << i << "]" << endl;
if(p->pPowerDelayProfile)
{
0s << " RSSI = " << p->pPowerDelayProfile-
>FAggregatePowerInDBm << " dBm" << endl;
390 0s << " CINR = " << p->pPowerDelayProfile->dCINR << *

dB"™ << endl;

0s << endl;

}
395 3

if(res._pDIfp)
{

const SDIfp* pDIfp = res.pDIfp;
400 0s << string(16, "+") << " DLFP Result " << string(16, "+") << endl;
0s << ""Channel Index ' << res.dwChannellndex << endl;
0S << "'Subchannel Groups 0x"™ << hex << (int)pDIlfp->bSubchannelGroups

<< endl;
0s << dec;
405 0s << "Repetition Coding " << (int)pDIfp->bRepetitionCoding << endl;

0s << "DLMAP Coding
0s << "DLMAP Length

' << (int)pDIfp->bDImapCoding << endl;
' << (int)pDIfp->bDImapLength << endl;

3
410 //
// BCH demodulation results
éé ( NULL !'= res.pPduResult )
415 { const SPduResult* pPDU = Ies.deuResult;

0s << string(16, "-7) << PDU Result " << string(16, "-") << endl;
0s << ""Channel Index " << pPDU->dwChannel Index << endl;
0s << "Time stamp ' << pPDU->dwTimeStamplnMs << endl;
0s << "BTS 1D ' << pPDU->dwBtsld << endl;
420 0s << "Preamble Index ' << (int)pPDU->bPreamblelndex << endl;
0s << "'Segment " << (int)pPDU->bSegment << endl;
0s << '""Base Station ID 0x";
0s << hex;
const int sizeofBSID = sizeof(pPDU->barBaseStationlID) / sizeof(pPDU-
425 >barBaseStationID[0]);
const BYTE* pBSID = pPDU->barBaseStationlD;
for(int i1 = 0; 1 < sizeofBSID; i++)

{
// High word first.
430 os << (int)((pBSIDLi] & OxFO) >> 4);
0os << (int)(pBSIDLi] & Ox0F);

0s << dec;
0os << endl;

435 0s << "Sector ID
0s << "Operator ID
0s << "PDU Type

' << (int)pPDU->bSectorlID << endl;
' << pPDU->dwOperatorlID << endl;
' << pPDU->ePDU << endl;

os << "PDU Flags ' << pPDU->dwFlags << endl;

0s << "PDU Bit Count ' << pPDU->dwBitCount << endl;
440 // We don"t display the bit stream pPDU->pbBitStream
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return os;

}
445

/*-k
Correctly interpret and display the Value field of a TLV structure basing on
the Length field of the given TLV structure.

@param[in] os The ostream (normally, cout).

450 @param[in] tlv Reference to the TLV struct to be dumped.
@return void.
*/

void DisplayValueOfTlv(ostream& os, const STIv& tlv, const DWORD indent = 2)
455  os << string(indent, " ") << "Value ="
if(tlv._.pvalue)
switch(tlv.dwLength)
460 {

case sizeof(BYTE):
0os << (DWORD)(*(BYTE*)tlv.pValue);

break;
465 case sizeof(WORD):
os << *(WORD*)tlv.pValue;
break;
case sizeof(DWORD):
470 os << *(DWORD*)tlv.pValue;
break;
default:
0sS << "Ox";
475 0s << hex;
for(DWORD i1 = O; i < tlv.dwLength; i++)
{
0s << (DWORD) (*(BYTE*)tlv.pValue + i) << setfill("0") << setw(2);
3
480 os << dec;
3
os << " (" << tlv.szValue << ")";
3
485
os << endl;
3
/**
490 Helper operator to write TLV data to the console.
@param[in] os The ostream (normally, cout).
@param[in] tlv Reference to the TLV struct to be dumped.
@return A reference to os.
*
/
495 ostream& operator<< (ostream& os, const STIv& tlv)
{
0s << " Type =" << (Iint)tlv.bType << " (" << tlv.szType <<
)" << endl;
0s << " Length = " << tlv.dwLength << endl;
500
switch(g_ePduForTlvDisplay)
const SDownlinkBurstProfile* pDIBurst;
const SUplinkBurstProfile* pUIBurst;
505
case CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_DCD:
switch(tlv.bType)
case 1: // Downlink Burst Profile
510 pDIBurst = (const SDownlinkBurstProfile*)tlv.pValue;

0s << "' DIUC = " << (int)pDIBurst->bDIUC << endl;
iT(pDIBurst->pTlv)
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{
0s << " [Sub TLV]" << endl;
515 0s << " Type = " << (int)pDIBurst->pTlv->bType << ™
(" << pDIBurst->pTlv->szType << ")"<< endl;
0os << " Length = " << pDIBurst->pTlv->dwLength <<
endl;
DisplayValueOfTlv(os, *pDIBurst->pTlv, 4);
520
break;
defaul t:
DisplayValueOfTlv(os, tlv);
525
break;

case CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_UCD:
switch(tlv.bType)
530 {
case 1: // Uplink Burst Profile
pUlIBurst = (const SUplinkBurstProfile*)tlv._pValue;
0os << "' uluc = " << (int)pUlBurst->bUIUC << endl;
iT(pUIBurst->pTlv)
{

535

0s << "' [Sub TLV]"™ << endl;

0os << "' Type = " << (int)pUlBurst->pTlv->bType << **

(" << pUIBurst->pTlv->szType << ")"<< endl;

0s << " Length = " << pUlBurst->pTlv->dwLength <<
540 endl;

DisplayValueOfTlv(os, *pUlBurst->pTlv, 4);

break;

545 default:

DisplayValueOfTlv(os, tlv);
break;
550 case CViComWiMaxInterfaceData::WIMAX_MAC_PDU_MOB_NBR_ADV: // fall-through

default:
DisplayVvalueOfTlv(os, tlv);
}

555 os << e " << endl;

return os;

}
560 7**

Helper operator to write L3 decoder result data to the console.
You can extend this to display further L3 decoder result data.

@param[in] os The ostream (normally, cout).

@param[in] [13res The SL3DecoderResultData struct to be dumped.
565 @return A reference to os.

*

/

ostream& operator<< (ostream& os, const SL3DecoderResultData& 13res)

DWORD dwLen = I3res.dwStringlLength;
570
os << endl << string(16, "-") << " PDU Decoded Contents " << string(16, "-7)
<< endl;
// You can show the complete description of the decoded PDU by the following
commented-out lines.
575 if(13res.pcStringPDU)
{

0s << I3res.pcStringPDU << endl;

0s << "PDU Type = " << I3res.dwPDU << endl;
580

const SDImap* pDImap = 13res.pDImap;
if(pDImap)
{
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os << "No. of IEs
585 0s << "No. OFDMA Symbols
0s << ""Base Station ID
0os << hex;
const int sizeofBSID = sizeof(pDImap->barBaseStationlD) / sizeof(pDImap-
>parBaseStationID[0]);

" << (int)pDImap->bNoOFfIEs << endl;
' << (int)pDImap->bNoOFfDLSymbols << endl;
0x";

590 const BYTE* pBSID = pDImap->barBaseStationlD;
for(int i = 0; i < sizeofBSID; i++)
{

// High word first.
0s << (Iint) ((pBSID[i] & OxFO) >> 4);
595 os << (int)(pBSID[i] & OxOF);
3
0s << dec;
0s << endl;
0s << "'Sector ID ' << (int)pDImap->bSectorID << endl;
600 0s << "Operator ID " << pDImap->dwOperatorID << endl;
0s << "Frame Duration -
switch(pDImap->bFrameDuration)

case 1:
605 0s << "2.0ms";
break;

case 2:
0S << "2.5ms";
610 break;

case 3:
0s << "4ms";
break;
615
case 4:
0s << "'5ms";
break;

620 case 5:
0s << "'8ms"';
break;

case 6:
625 0s << "10ms';
break;

case 7:
0s << "12.5ms";
630 break;

case 8:
0s << ""20ms"';
break;
635
default:
0s << "<Reserved>" << endl;
3

0s << endl;
640 0s << “Frame Number
0s << "DCD Count
0os << "No. OFDMA Symbols
// Display the DL-MAP IEs.
0S << "DL-MAP IEs:" << endl;
645 for(SViComList<SDImaplE>::SLinkedObject* p = pDImap-
>ListOfDImaplEs.pFirst;
p 1= NULL;
p = p->pNext)

' << pDImap->dwFrameNumber << endl;
' << (int)pbImap->bDCDCount << endl;
' << (int)pDImap->bNoOfDLSymbols << endl;

650 // Check if it is a burst profile IE
if(p->bDIUC >= 0 && p->bDIUC <= 12)
{

0S << " -—--- Burst " << (int)p->bDIUC << " --—-" << endl;
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0s << " OFDMA Symbol Offset = " << (int)p->ulE.burst.bSymbolOffset
655 << endl;
0s << " Subchannel Offset =" << (Iint)p-
>ulE.burst.bSubchannelOffset << endl;
0s << " Boosting = " << (int)p->ulE.burst.bBoosting <<
endl;
660 0s << " No. OFDMA Symbols = " << (int)p-
>UlE.burst.bNoOfDLSymbols << endl;
0s << " No. Subchannels =" << (int)p-
>ulE.burst.bNoOfSubchannels << endl;
0s << " Repetition Coding =" << (Iint)p-
665 >ulE.burst.bRepetitionCoding << endl;
3
3
3
670 const SUlmap* pUlmap = I3res.pUlmap;
if(pUlmap)
{

0s << "UCD Count
os << "Allocation Start Time
675 endl;
0s << "No. OFDMA Symbols = " << (int)pUlmap->bNoOfULSymbols << endl;
// Display the UL-MAP IEs.
0s << "UL-MAP IEs:" << endl;
for(SViComList<SUImaplE>: :SLinkedObject* p = pUlmap-
680 >ListOfUlmaplEs_pFirst;
p '= NULL;
p = p->pNext)

' << (int)pUlmap->bUCDCount << endl;
' << pUlmap->dwAllocationStartTime <<

// Check if it is a ranging IE

685 if(p->buIUC == 12)
{
0S << " ---- Ranging " << (int)p->bUIUC << " —----"" << endl;
0s << " OFDMA Symbol Offset = " << (int)p-
>ulE.ranging.bSymbolOffset << endl;
690 0s << " Subchannel Offset = " << (int)p-
>ulE.ranging.bSubchannelOffset << endl;
0s << " No. OFDMA Symbols =" << (int)p-
>ulE.ranging.bNoOfULSymbols << endl;
0s << " No. Subchannels =" << (Iint)p-
695 >ulE.ranging.bNoOfSubchannels << endl;
0os << " Ranging Method =" << (int)p-
>ulE.ranging.bRangingMethod << endl;
0s << " Dedicated Ranging Indicator =" << (Iint)p-
>ulE.ranging.bDedicatedRanginglIndicator << endl;
700
3
}

const SDcd* pDcd = 13res.pDcd;
705 if(pDcd)
{

g_ePduForTlvDisplay = CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_DCD;

0s << "Config Change Count = " << (int)pDbcd->bConfigurationChangeCount
<< endl;
710
// Display the TLVs.
0S << "DCD TLVs:" << endl;
for(SViComList<STlv>::SLinkedObject* p = pDcd->ListOfTlvs.pFirst;
p '= NULL;
715 p = p->pNext)
{
0s << *p;
¥
720
const SUcd* pUcd = 13res.pUcd;
if(pUcd)
{

g_ePduForTlvDisplay = CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_UCD;

e
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725

0os << "Config Change Count = " << (int)pUcd->bConfigurationChangeCount
<< endl;

0s << "Ranging Backoff Start = " << (int)pUcd->bRangingBackoffStart <<
endl;

730 0s << "Ranging Backoff End = " << (lint)pUcd->bRangingBackoffEnd <<

endl;
0s << "Request Backoff Start = " << (int)pUcd->bRequestBackoffStart <<
endl;
0s << "Request Backoff End = " << (int)pUcd->bRequestBackoffEnd <<
735 endl;
// Display the TLVs.
0s << "UCD TLVs:" << endl;
for(SViComList<STlv>::SLinkedObject* p = pUcd->ListOfTlvs.pFirst;
740 p !'= NULL;
p = p->pNext)
0S << *p;
745 3}
const SMobNbrAdv* pMobNbrAdv = 13res.pMobNbrAdv;
iT(pMobNbrAdv)
{

750 g_ePduForTlvDisplay = CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_MOB_NBR_ADV;
0s << "Skip-optional-fields = " << (int)pMobNbrAdv->bSkipBitmap << endl;
iT(! (pMobNbrAdv->bSkipBitmap & 0x01))

{

755 0s << "Operator ID = " << pMobNbrAdv->dwOperatorlD << endl;
¥
0s << "Config. Change Count = " << (int)pMobNbrAdv-

>pConfigurationChangeCount << endl;
0s << "Fragmentation Index = " << (int)pMobNbrAdv->bFragmentationlndex

760 << endl;
0s << "Total Fragmentation = " << (int)pMobNbrAdv->bTotalFragmentation

<< endl;

0s << "N_NEIGHBORS '<<

765 // Display the Neighbors.

0s << "Neighbors:" << endl;

for(SViComList<SNeighbor>::SLinkedObj
>ListOfNeighbors._pFirst;

p '= NULL;
770 p = p->pNext)
0s << "Length
0s << "PHY Profile ID
if(p->bPhyProfilelD & 0x02) {
0s << "FA Index

775

b
if(p->bPhyProfilelD & 0x08) {
0s << "BS EIRP =
h
780 if(1 (pMobNbrAdv->bSkipBitmap & 0x0

0os << "Neighbor BSID
3

0s << "Preamble Index
iT(1(pMobNbrAdv->bSkipBitmap & OxO
0S << "HO Process Opt.

785

<< endl;

0s << "Scheduling Svc. Sup.
>pSchedulingServiceSupported << endl;

0os << "DCD CCC
>pDCDConfigurationChangeCount << endl;

0os << "UCD CCC
>pUCDConfigurationChangeCount << endl;

790

795 // Display the TLVs.

(int)pMobNbrAdv->bNNeighbors << endl;

ect* p = pMobNbrAdv-

' << (int)p->bLength << endl;
' << (int)p->bPhyProfilelD << endl;

' << (int)p->bFAIndex << endl;

' << (int)p->bBsEirp << endl;

2D A
' << p->dwNeighborBSID << endl;

' << (int)p->bPreamblelndex << endl;

4)) {

' << (int)p->bHOProcessOptimization

' << (int)p-
" << (int)p-

T << (in)p-
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0s << "MOB_NBR-ADV TLVs:" << endl;

Ffor(SViComList<STlv>::SLinkedObject* pTlv = p->ListOfTlvs.pFirst;
pTIv 1= NULL;
pTlv = pTlv->pNext)

800

0s << *pTlv;

3

b
3

const SRngRsp* pRngRsp = 13res.pRngRsp;
iT(pRngRsp)
{

g_ePduForTlvDisplay = CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_RNG_RSP;

805

810
// Display the TLVs.
0S << "RNG-RSP TLVs:" << endl;
for(SViComList<STlv>::SLinkedObject* p = pRngRsp->ListOfTlvs.pFirst;
p '= NULL;
815 p = p->pNext)
{

0s << *p;

}

const SRegRsp* pRegRsp = 13res.pRegRsp;
if(pRegRsp)
{

g_ePduForTlvDisplay = CViComWiMaxInterfaceData: :WIMAX_MAC_PDU_REG_RSP;
825 0s << "Response = " << (int)pRegRsp->bResponse << endl;

820

// Display the TLVs.
0S << "REG-RSP TLVs:" << endl;
for(SViComList<STlv>::SLinkedObject* p = pRegRsp->ListOfTlvs.pFirst;
830 p != NULL;
p = p->pNext)

0s << *p;
835 3}
os << endl << endl;

return os;

840 }

/**
Worker function. The structure is pretty easy. In contrast to other sample
applications, the methods used here throw CViComError exception objects in
845 case that a problem arises, and these exceptions will be handled in the calling
method.
@param[in] rinterface A reference to the CViComWiMaxInterface to operate on.
@param[in] measConfig A reference to the measurement configuration struct.
@return void.

850 */
void doWiMaxMeasurement (CViComWiMaxlnterface& rinterface, const SSettingsé&
measConfig)

{
const SMeasResult* pRes = NULL;
855 DWORD const dwTimeOutlnMs = 10000;

// Setting up the measurement
rinterface.GetBasiclnterface().SetResultBufferDepth (
measConfig.ResultBufferDepth B
860 rinterface.SetFrequencyTable (
measConfig.ChannelSettings
if(measConfig. BchDemoduIatlonSettlngs sStartMeasurementRequests.dwCountOfPDUR
equests > 0)

865 rinterface.SetBchDemodulationSettings (
measConfig.BchDemodulationSettings );

e
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}

rinterface.GetBasiclnterface() .StartMeasurement();
870

// Getting measurement results

for(;;)

if (_kbhitQ )
875 break;

try {
pRes = rinterface.GetResult(dwTimeOutInMs);
cout << *pRes;

880

if ( NULL != pRes->pPduResult )

{
// Decode PDU and display the text
SL3DecoderRequestData SsRequest;

885 sRequest.dwPDU pRes->pPduResult->ePDU;
sRequest.dwFlags pRes->pPduResult->dwFlags;
sRequest.dwBitCount pRes->pPduResult->dwBitCount;
DWORD dwByteCount (sRequest.dwBitCount+7)/8;
sRequest.pbBitStream new BYTE[dwByteCount];

890 memcpy( SRequest.pbBitStream, pRes->pPduResult->pbBitStream,

dwByteCount );
// You can disable the "pcStringPDU" filling in the result
"SL3DecoderResultData” structure
// by uncommenting the following line.
895 //sRequest.dwDecodingFlags = 0;

const SL3DecoderResultData* pL3data =
rinterface.RetrieveTextForPDU( sRequest );
cout << *plL3data;

900
delete [] sRequest.pbBitStream;
sRequest.pbBitStream = NULL;
¥
3
905 catch (const CViComError& err)
DUMP_VICOM_ERROR(err);
3
3
910

// Stopping the measurement
rinterface.GetBasiclnterface().StopMeasurement();
rinterface.GetBasiclnterface() .HasMeasurementStopped(dwTimeOutlnMs);

915 S_WiMax_PDU_Request* pStartMeasPDURequest =
measConfig.BchDemodulationSettings.sStartMeasurementRequests.pPDURequest;
if(NULL != pStartMeasPDURequest)

delete [] pStartMeasPDURequest;
920 pStartMeasPDURequest = NULL;
3
}
/**

925 =* Sample program entry point.
*/
int main(int argc, char* argv[l)

{
930

cout << "Demo console application for WiMAX ViCom." << endl << endl;
if(1GetArgOptions(argc, argv))

return 1;

}

CViComLoader<CViComWiMaxInterface, CViComLoader_TSMW> loader;

935

Operating Manual 1505.1329.42 - 12 173


https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/

R&S ViCom Interface ViCom RF Power Scans

Measuring with the RF Power Scanner

e No sweep data is available at the R&S TSMx. In that case, the response has to be
postponed until data is available. When another result is requested while the first
one is waiting, the second request will not be answered separately. So one
important consequence of this is that there might be fewer results that requests.

e One sweep is available. This simple case can be translated easily into a result.
Nevertheless, it's not that simple, the frequency spectrum might be converted into
a channel spectrum.

e At least two sweeps are available in the R&S TSMx cache. In such a case, all the
raw measurements have to be combined into one spectrum. There are several
possible ways to do this, so the user can choose how this actually done. For
example, data for a single frequency can be the maximum of the set of power
values.

All these scenarios are shown in the figure below. On the left side, 4 user requests are
depicted in their order of occurrence. An internal timer is started to issue all these requests
in regular intervals. On the right side, sweep data is coming from the R&S TSMx and
stored in the data cache. The measurement data is processed to derive a result for a
request then.

Both requests and sweep measurement data have a timestamp assigned to them in
the figure. Timestamps are marked as t,, where a measurement at t,,; occurred at a
later time than one done at t,.

Derive Result x 4 TSMx

Q’) ﬁ* Measurement

— ti Calculate II -@
ti Measurement
‘h Measurement

— tI Calculate II Result

— t;Calculate @ ——

— ts Calculate

Figure 49 Request processing scheme over time
The situation depicted in the figure above is handled like explained below:

When the processing of the first request is started, a single sweep is available in the
R&S TSMx cache. The measurement data is used directly as result. This is always the
case for the first request: If there is any data in the cache, all the data is used to satisfy
the need of the first request. If there is no such data, the processing of the request is
delayed until data arrives or a new request is issued.

The second request is issued after two sweeps have been stored in the result cache.
These two measurements are combined into a result, which is made available to the caller.

e
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Post Processor

Spectrum Channel

TSMx Power Scanner

Figure 51 Post Processor Chain

As can be seen, there are seven different processing modules available. The one that starts
processing is the sweep result buffer, the final result is returned from the result conditioner.
These results are stored in the RF Power Scanner result buffer. To simplify handling, the
API supports multiple equally configured post processes to be performed in one row.

One important detail to notice is that the spectrum filter and channel filter unit are
mutually exclusive. Exactly one of both can be active. If both are enabled using the
API, only the spectrum filter will perform its work, the channel filter won't be used.

The units and the calculations they perform are now described in the order of
processing sequence.

10.2.2.1 Sweep Result Buffer

The result buffer, as the name implies, is used to save the incoming R&S TSMx
results. The data structure where these results are stored in provides the subsequent
filters to find appropriate values faster than searching in a complete list of values.

Power Scanner. This one stores the raw measurement data gathered from the R&S

o This is not the same result buffer that stores the post processing results in the RF
TSMx.

The results are only stored for some amount of time. After a measurement sample
reached its lifetime, it is purged when the next sample arrives.

10.2.2.2 Spectrum Filter

The task of this module is to select only frequencies from the result buffer that fit into a
given sub-range and adapting the samples to a given number of result values. The
sub-range must be contained within the RF Power Scanner sweep range interval.

1 —
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f

The number of input values available in the raw sweep is: M where the

0.0128
frequencies are given in MHz. For a sweep scan range of 100 MHz, there will be
approx 7812 values in the result buffer.

In many cases the output of the frequency selection does not directly map to the
number of results you might need. The spectrum filter unit helps you to get the number
of samples you need in your application.

If the number of measurements selected from the raw data does not fit to the number
of results required, there are two possible approaches: Either there are less
measurements then results, in which case the data has to be interpolated. Or the
reduction in the previous modules on the data set was not restrictive enough, so the
data has to be compressed once more.

In the API, the number of result samples is called dwCountOfDisplayLines and is
set in the SSpeci ficParameter structure.

Data Interpolation

If more display lines are requested than available, the data has to be interpolated. To
calculate power values for frequencies that don't directly match the native resolution,
the power value is the result of a linear interpolation.

If the nearest lower frequency is f.i, and the nearest higher frequency is f.ax, the power
for the requested frequency f is calculated like:

P(T= D)+ (Pf) = P f )

max min

Note that the power values are converted to Watt internally before the interpolation can
be performed, since the input values must be linearized. This might result in small
numerical errors when transforming the power values from one representation into
another and back.

p(®

f f, f, f

Figure 52 Linear Interpolation
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Data Compression

This is used to reduce the amount of data from the previous units. Most of time, this will be
necessary. The input data set is divided in the number of classes configured with the
dwCountOfDisplayLines member. For each class, one result value will be calculated.

In order to perform a meaningful compression, you have the choice between three
types of how to find the representing value for one data class:

Max Peak: This uses the maximum value in the class.
Auto Peak: Returns both the minimum and maximum value of a class, so you get
twice the number of results requested

e RMS: The Root-Mean-Square of all values. To calculate this value, the power
values stored in dBm are converted to Watt temporarily (see comment above).

The figure below shows that mechanism: The small dots represent a single power value for
one of the native frequencies. The twelve native measurements from the sweep data have
to be compressed to three frequencies (classes). The Max Peak selector would then
choose the native measurement marked in red, whereas the Auto Peak would additionally
add the measurement samples marked in a light yellow. The RMS would calculate the
average of the native measurements, which are shown as bigger circles in the figure.

p(f) fy fy fy

Figure 53 Power value compression

The decision which algorithm has to be applied is done by the spectrum filter itself. The
only thing to configure is the number of result lines which are desired and the frequency
interval borders.

Channel Filter

The channel filter can be used to calculate power values for a set of frequency
channels. That means that the sample values that fall into the bandwidth are used to
calculate the power value of the channel, although it is not required that only values of
the bandwidth are used. Under some circumstances, it might be useful to also consider
the adjacent power values for the bandwidth calculation.

The channels can be defined in an arbitrary way, even as a mixture of evenly spaced sub-
sequences and freely defined ones. Each channel is specified by its centre frequency and its
span. Optionally, multiple equidistant channels can be defined by specifying a repetition count.

e
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For the rest of the section it is important to know that the R&S TSMx device has a
native frequency resolution of 12.8 KHz. These sample values cannot be used directly
for the calculation of a channels power value (except for very specific configurations).

The central element of the algorithm to calculate the overall channel power is a power
scale function for the measurement samples. It is used to control how different raw
measurements contribute to the overall channel bandwidth.

The power scale function is always symmetrical and is defined in equidistant steps
from the center frequency to some lower/upper limit. The limit is implicitly defined by
the number of equidistant points and the spacing between those points. The
calculation of the channel bandwidth power p is done as follows:

p=cY" p(f, + AN

where

f. is the center frequency of the channel
Af is the frequency span
s(i) is the i™ element in the power scale function. All the values of the power scale
function must be within [0; 2]

e cis a correction factor to equalize the impact of the weights on the measurement
samples

e N is the number of points that define the power scale function

This power scale function is the base for a channel filter. In the figure below, the basic
principle is depicted. All the values explained above are shown there again. It is
noteworthy that the channel bandwidth for a channel is defined by the scaling function.
It can be calculated as 2 * N * Af.

Channel Filter

s(0)
s(1) s(1)

s(2) s(2)

s@3) . s@®)

5(6) I‘IILI s©
fe e f

Figure 54 Channel Filter Definition

For example, if center frequency is 935.2 MHz and there are 4 points, spaced by 200
KHz, the power scale function is applied to the incoming spectrum at frequencies 934.6
MHz, 934.8 MHz, 935.0 MHz, 935.2 MHz, 935.4 MHz, 935.6 MHz and 935.8 MHz.

This approach can be used to make the center frequency dominant, for example, by setting
the weight function to 2 at the center and to low values for the rest. Another use case is
that channels might overlap and consider parts of the neighbour channels as well.

HE e —
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Usually, the (frequency; weight) pairs that define the power scale function don’t map
directly to the native measurement values. In such a case, the required values will be
interpolated using the two nearest neighbours and a linear interpolation.

The sum of all the weightened values is then multiplied by a correction factor to reduce
the power to a meaningful value. This algorithm is visualized in the figure below. In the
figure, raw measurement samples are shown as small dots. Marked with a background
is the channel for which the bandwidth power shall be calculated. The power scale
function is shown in light blue.

p(h) Channel 0 Channel 1

bandwidth

—

spacing

w=1

°
o

)
°
. 1238 f
KHz

f
Figure 55 Calculation of Channel Power for a Channel Sequence

The channel filter is applied to every defined channel to calculate its power. The
resulting number of values is therefore the number of channels requested. Channels
can be defined in so-called sub-sequences. One sub-sequence is defined by a center
frequency, the number and the spacing between the remaining center-frequencies.

Time Detector

Since there might be multiple sweeps that have to be combined into one result, the
kind of aggregation in terms of time has to be specified as well. The choice made here
also influences the number and layout of the result.

As for the spectrum filter, the central problem is how to find a representing value from a
set of values for a frequency gathered over time. Compared to the frequency detector,
the different values from which one must be chosen have the same frequency.

The following algorithms are available (in brackets numerical values are given to use
them in the sample application):

e Max Peak (0): The maximum value from all power values inside the data set for the
frequency/channel.

e Auto Peak (2): Maximum and minimum value are used. So the result of the request
will be twice the number of values from the spectrum/channel filter.
Min Peak (3): The minimum value is used analogue to the Max Peak.
RMS (1): The root-mean-square value is calculated of all input values to retrieve
one output value.

e
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The original power values have to be converted into Watt internally to do this
calculation. This conversion might result in small numerical errors.

All (5): All values are used and returned as a list of measurement values in one chunk.
So if data is available from more than one sweep, the result consists of a series of
single results. For example, the output of a frequency detector post-process might be
doubled etc. when two sweeps were made and all raw data shall be used.

Histogram (4): The RF Power Scan interface provides the possibility to return a
histogram, where for each (frequency; power value) or (channel; power value) the
number of occurrences in a set of measurements is returned. The result has to be
interpreted as a two dimensional array, where the columns reflect the frequencies
or channels, and the rows specify the power value (in integer values).

Each row covers a certain range of power values. The range for a column is
defined as follows:

For row index 0, all power values smaller than fMinPowerValuelnDBm are
counted.

For row index i = 1 to waxPower Integer - 1, the power value is in the range
[ fMinPowerValuelnDBm + 1 * fPowerResolutionlnDB;
fMinPowerValuelnDBm + (i + 1) * fPowerResolutionInDB [

For the row index wMaxPower Integer, all power values that are greater than
or equal to fMinPowerValuelnDBm + wMaxPowerlInteger *
fPowerResolutionInDB are considered.

The example below shows a potential result of this function. As input four
channels were defined, the minimum level set to -120 dBm and resolution to 5
dB. The maximum power integer was set to 4.

Table 7 Sample HistogramTable 10-8:

935.2 MHz 935.4 MHz 935.6 MHz 935.8 MHz
0: p<-115dBm 8 6 0 3
1:-115<p <-110 2 6 1 3
2:-110<p <-105 1 0 4 2
3:-105<p <-100 1 0 7 4
4:p>-100 dBm 0 0 1 0

Inthe figure shown above, twelve sweeps were used to generate the resulting
histogram. In these twelve sweeps, a value between -115 dBm and -110 dBm was
measured 6 times for frequency 935.4 MHz. Similar, the frequency 935.6 MHz was 4
times in the range -110 dBm and-105dBm. The maximum power integer was setto 4. So
allvalues greater than -100 dBm will be put into the row containing the maximum power
integer. For frequency 935.8 MHz, the histogram shows thatthere was a power value less
than -115 dBm measured three times.
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10.2.2.5 Marker Tool

The marker tool helps when it comes to select the frequency that provided the
maximum power value in a set of frequencies. With this it is an easy task to report the
strongest power value and frequency.

If the marker tool is enabled, it reports the result of the marker evaluation as part of result.

The measurement values are also changed so that they can't be interpreted as
mentioned above. After the marker has been applied, they reflect the values of the
marker frequency in each different raw sweep, after the frequency detector or the
channel filter processing has been done.

For example, if there were three sweeps made by the R&S TSMx, the input data might
look similar to:

Table 9 Sample for marker result values

1. Sweep -61.9 -77.1 -65.4 -71.4 -64.2 -62.2
2. Sweep -62.3 -79.1 -69.3 -71.3 -61.9 -62.1
3. Sweep -63.8 -78.8 -69.2 -71.9 -62.4 -61.5
RMS -62.6 -78.3 -67.9 -71.5 -62.8 -61.9

The maximum is calculated based on the result of the previous processing steps. In this
case, we assume that the Time Detector is configured to calculate the root mean square of
all input samples. The highest frequency would result in the maximum power here. As
marker result, this maximum of -61.9 dBm would be returned then as special marker result.
The standard result structure would contain -62.2 dBm, -62.1 dBm and -61.5 dBm.

10.2.2.6 Result Conditioner

The result conditioner is a utility to convert the resulting power values into a specific
layout. Therefore it provides several options:

Minimum Power Level and Resolution

The final results are returned in a WORD-Array. The unsigned integer numbers stored
there have to be set in relation to a minimum threshold and have been shifted to make
the minimum resolution that shall be available an integer.

For example, a resolution of 0.1 and a base level of -120, the value 234 means -120 +
234*0.1=-96.6 dBm
Histogram Axis Definition

The maximum value of the power dimension when a histogram is calculated can be set
in this structure. That means, that the size of the histogram is number of
frequencies/channel * (maximum power value + 1).
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mentioned above, so you can calculate that value by using the inverse function:

0 Note that this value is specified as integer. The calculation of the dBm value is the same as
wMaxPowerlnteger = (p[dBm] - fMinPowerValuelnDBm) / fPowerResolutionInDB.

Overflow Representation

If an overflow occurs while the measurement is done in the R&S TSMX, this can be
signalized in the result. The least significant bit in the result can be used as a flag indicating
whether the value has been the result of some overflow (if set to true) or if not.

An overflow might arise in the A/D converter, for example. The R&S TSMx can be
configured to react in different ways in such a situation. Refer to the reference for more
details on overflow handling.

1 —
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10.3.1.2 Step 2: Reading the Device Settings

Before you change the general configuration of a logical receiver, you should first retrieve
the current settings from the ViCom interface. This can be done by clicking the button
“Request RF-Scanner Settings”. After the operation has finished successfully, the controls
in the right column of the dialog should reflect the values from the logical device.

Load ‘ Save | oK ‘
Reguest RF-5Scanner Settings ‘ Cancel ‘
Min Freg Max Freg
in MHz 300 in MHz 2200

Set RF Sweep Range

Rate in Callection

1/ 1000 sec | 2000 Count 3
Set RF Sweep Rate ‘
RF Sweep Buffer in ms 60000

Set RF Sweep Buffer

Min Att 1 Max Att

Set RF Sweep Attenuation Limits

N

[V Repeaton ADC Overflow
Count Of Insensitive Sweeps after OV 5

Set RF Sweep ADC Overflow Action

PA Usage 1 Att

Set RF Sweep Section Relation

i

Figure 58 Sweep Settings section
In this section, the following settings can be changed:

e The sweep range, i.e. the interval for which derived results can be requested. That
influences the measurement speed, so this has to be set carefully when speed is a
critical factor.

e The sweep rate, which can be set to a slower value than the theoretical maximum
if different measurements shall be made in parallel.

e The time how long sweep data is kept in the sweep result buffer before samples
get invalid
Attenuation settings
Error handling strategy in case that the A/D converter detects an overflow

Note that these settings exactly match the values from the structures

SRTSweepRange
SRfSweepRate
SRFSweepBuffer
SRfSweepAttenuationLimits
SRTSweepAdcOverflowAction
SRfSweepSectionRelation

stored in the CViComRFPowerScanlnterfaceData: : SSettings structure.
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Step 3: Set parameters

Before a changed value is set in the logical device, the related “Set” button below the
input fields must be pressed to transfer the value into the related ViCom object.

For our example, we set the Sweep Range of our first device from 100 to 1000, and for
the second to 1800 to 2200. The minimum value for a frequency is 80 and the
maximum 3000 (If you have a R&S TSML CW device, the upper limit is 6000).

Step 4: Start Measurement

Once the common settings are set as desired, you can put the logical power scanner
object into measurement state. Note that you have to do this for every instance. Once
you did this, you cannot change common settings until you stop the measurement.

After you started a measurement, the mapped R&S TSMx already scans all
frequencies repeatedly. Nevertheless, you won’t see any measurement results, unless
you do specific measurement value requests.

10.3.1.5

Step 5: Define Specific Values

For each logical receiver, you can define up to ten different derived results from the
scanning process. Each of these derived results can be requested in parallel. Such a
result is called derived because the raw measurement values from the R&S TSMx can
be post processed to filter, reduce and prepare the measurement results in a more
convenient form (refer to section 10.2.2.)

Request Identifier ,E ’07
Count of Requests 1

Time Between in ms ’10007
Freq. Postprocess ’07

Min Freg, in MHz 300
Max Freg. in MHz 2200

Count of Display Lines 100

Freq. Detector 2
Filter Tag 0

Figure 59 General Derived Result Settings

The figure above shows some of the settings you can specify for a derived request.
Each different post-process is identified by the number shown in the combo-box.

For our example, we create two request identifiers for the first logical device. Make
sure that both the Power Scanner Identifier and the Request Identifier are set to zero.
Enter the values 2, 1000, 0, 100, 500, 5 into the fields Count of Requests, Time
Between in ms, Freq. Postprocess, Min/Max Freq. in MHz and Count of Display Lines.
Press “Request Specific Derived Result” button to tell the scanner to record
measurements and prepare them.

Switch the request identifier to 1 and enter 10, 100, 0, 600, 700, 20 in the fields
mentioned above. Again, press the “Request Specific Derived Result” button.

e
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10.3.1.6 Step 6: Fetch and View Measurement Results

Once you send a request to the R&S TSMx using the “Request Specific Derived
Result” button, an internal timer is configured to issue the number of requests in the
specified time interval. This is done until the number of results has been processed or
the measurement is stopped.

Note that you have enough space left in the result buffer to store all results from the
requests you start at one time. To check how much space is already occupied, use the
“Get Result Counter” button. The upcoming message box shows you how many results
have been stored and how many have been thrown away already, if any.

You can change the size of the result buffer only if the logical device is in idle state (i.e.
has not been started yet or stooped again).

As described in the architecture section before, the results from the post-processes are
stored in a result buffer inside the memory. The sample application provides a way to
retrieve values from that buffer (in FIFO order) and store them in a file. The output file
ViComMeasurements. txt is stored in the Application\Lodfiles directory.

Make sure to mark the radio button “Store Results”. Then put 10 in the text field next to
“Result Count to Read” and press “Get Results”. The system then fetches ten results
from the result buffer and writes them into the file mentioned above.

Result Count To Read |3

Get Results ‘

Figure 60 How to fetch results

If there are not enough results in the buffer to satisfy the request, the demo application
waits for five seconds if other records arrive. If not, a message box is shown.

Any result that is available and requested will be written into the file. Each single record
looks similar to the one shown below:

MeasResult:
dwPcTimeStamplnMs = 12192898
SpecificParameters:

wRequestldentifier = 0
dwCountOfRequests = 2
dwTimeBetweenRequestsinMs = 1000
eFregPostProcess = 0
dMinFrequency InMHz 100.000000
dMaxFrequency InMHz 500.000000
dwCountOfDisplayLines = 5
eFregDetector = 2
etTimeDetector = 2
SPowerValueFormatSpec:
wMaxPower Integer = 1000
fMinPowerValuelnDBm = -120.000000
fPowerResolutionInDB = 0.100000
ePowerWithOverflowFormat = 0
bUseRequestForMarker = 0

dwCountOfPowerWithOverflowvalues = 10
pwPowerResultValues:

581 0 312 0 250 0 268 0 249 0
bOverflowlndicator = 0

Figure 61 Output Example

Operating Manual 1505.1329.42 - 12 192


https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/

R&S ViCom Interface ViCom RF Power Scans

Sample

60 // Before any result can be obtained, the measurement has to be started
//
cout << "'Start Measurement\n";
pcRFPowerScanner->GetBasiclnterface() .StartMeasurement( cError );
CHECK_VICOMERROR( cError );

65
//
// Now concrete measurement values are requested. The result shall give
// the data prepared for a 124 line display (which reflects the
// number of channels in E-GSM channel).

70 7/
CViComRFPowerScanlnterfaceData: :SSpecificParameters tRequestParams;
tRequestParams.wRequestldentifier = 0;
tRequestParams.dwCountOfRequests = 5;

75 tRequestParams.dwTimeBetweenRequestsinMs = 500; // half a second

tRequestParams.eFregPostProcess =

CViComRFPowerScanlnterfaceData: : SSpecificParameters: :etFregPostProcess: : SPECT
RUM_DISPLAY;
80 tRequestParams.FregPostProcess.SpectrumDisplay.dMinFrequencylnMHz =
tSweepRange.dMinFrequencyInMHz;
tRequestParams.FregPostProcess.SpectrumDisplay.dMaxFrequencylnMHz =
tSweepRange . dMaxFrequency InMHz;
tRequestParams.FregPostProcess.SpectrumDisplay.dwCountOfDisplayLines = 124;
85 tRequestParams.FregPostProcess.SpectrumDisplay.eFregDetector =

CViComRFPowerScanlnterfaceData: :SSpecificParameters: :UFregPostProcess: :SSpect
rumDisplay: :FD_PEAK;

90 tRequestParams.eTimeDetector =
CViComRFPowerScanlnterfaceData: :SSpecificParameters: :TD_RMS;

//
// The marker tool is enabled, so the result will show the strongest
95 // frequency available.
//
tRequestParams.bUseRequestForMarker = true;
//
100 // Result power values shall be referenced to -140 dBm as basis, with a

// resolution of 0.5 dB. Note that the theoretical maximum of the result
// is fMinPowerValuelnDBm + wMaxPowerlnteger / fPowerResolutionInDB, in this
// case -40 dBm.
//

105 tRequestParams.PowerValueFormatSpec.fMinPowerValuelnDBm = -140;
tRequestParams.PowerValueFormatSpec.wMaxPower Integer = 200;
tRequestParams.PowerValueFormatSpec.ePowerWithOverflowFormat =

CViComRFPowerScanlInterfaceData: : SSpecificParameters: : SPowerValueFormatSpec: : POWNE
110 R_ONLY;
tRequestParams.PowerValueFormatSpec.fPowerResolutionlnDB = 0.5F;

//
// Now the request configuration is send to the interface. The 5 requests
115 // specified above are now issued in 5 second intervals, except the Ffirst

// one, which should be calculated as soon as at least one raw measurement
// is available.

//
cout << "'Start Request...';
120 pcRFPowerScanner->RequestDerivedResult( cError, tRequestParams );

CHECK_VICOMERROR( cError );
cout << "ok\n';

while ( true )

125 {
//
// Wait until at least two requests could be processed.
//
CViComRFPowerScanlInterfaceData: : SMeasResult* ptResult =
130 pcRFPowerScanner->GetResult( cError,
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2 * tRequestParams.dwTimeBetweenRequestsinMs );

if (! ptResult )
break;
135
cout << "Result " << " @ " << ptResult->dwPcTimeStamplnMs << endl;
cout <<" # Samples: " << ptResult->dwCountOfPowerWithOverflowValues <<
endl;

140 float freq = 0.0;
for ( int j=0; j<ptResult->dwCountOfPowerWithOverflowvalues; j++ )

// Convert to MHz

freq = ptResult->pMarkerResult->dMarkerFrequencylnHz / ( 1000 * 1000 );
145

double power = TO_DBM( ptResult->pwPowerWithOverflowValues[j] );

cout << "\tValue " << j << " for Freq: " << freq << " MHz is " <<
power << "\t" << ptResult->pwPowerWithOverflowvalues[j] << endl;
150 }
if ( tRequestParams.bUseRequestForMarker && ptResult->pMarkerResult )

cout << "Marker: Freq: " << (freq)
155 << ' MHz; Max: " << TO_DBM( ptResult->pMarkerResult->wMaxResultValue

)

<< endl;

}
160 }

<< "; Min: " << TO_DBM( ptResult->pMarkerResult->wMinResultValue )

cout << "'Shutdown\n";

//
165 // Stop measurement and close the connection.
//
pcRFPowerScanner->GetBasiclnterface() . StopMeasurement( cError );
CHECK_VICOMERROR( cError );

170 pcRFPowerScanner ->GetBasiclnterface().HasMeasurementStopped( cError, 1000 );
CHECK_VICOMERROR( cError );

cRFPowerScanlfLoader .ReleaseTsmx( cError );
CHECK_VICOMERROR( cError );
175 3}

/ /

int _tmain(int argc, _TCHAR* argv[])
180 {
try
{

cout << "ViCom RF Power Scan Demo"™ << endl;
185 RunViComRfPowerScanSample();

catch ( CViComError& cError )

{
cout << cError.GetErrorString() << endl;
190 return cError.GetErrorCode();

}

return O;
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Sample

The code sample is organized in three sections: Global initialization is done from line 1
to line 21. The main part of the sample is then done in the function
RunViComRfPowerScanSample(), starting at line 25. This method lasts until line
163 and is followed by the simple main function. The aforementioned function is
discussed below.

Before any other work can be done, the R&S TSMx must be initialized. This is done in
line 35. A CViComLoader object takes care of the dll dynamic loading mechanism. The
power scan interface object is configured to restrict the sweep range to the E-GSM
band in lines 47 to 55. After that initialization, the R&S TSMx is set into measurement
mode in line 61.

In the lines 69 to 105 a measurement result request is configured. Therefore, the post
process is first specified by telling the frequency detector what to do and by enabling
the marker tool. Second, the output format is set. In line 114, the request is finally sent
to the R&S TSMx.

The results are evaluated in the code block in lines 118 to 152. Since it is not
guaranteed to get a post processed result for all requests, this is done in an endless
loop that quits when there is no result available after two requests should have been
issued. If a result is available, it is formatted and printed to the console.

Since the marker tool has been enabled, there are two results available: The raw
measurement samples for the marked frequency and the minimum/maximum
calculation. Both results are displayed.

After the loop the application is shutdown and therefore stops the R&S TSMx and
unloads all allocated resources in lines 158-162.

In the screenshot in Figure 62 the output of one of the application runs is depicted. All
of the five requests led to a result. The first two requests were each based on the data
of one sweep. The third was made up of 8 raw measurements.

One thing that can be seen is that there is one single strongest transmitter on 949.926
MHz, although there is no good signal available. This is a GSM transmitter on channel 74.
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RF Power Scan with R&S TSMW

Channel Filter Sequence

Setup

™ Enable sequence

The channel filter setup consists of two parts:

e The list of subsequences defines the frequency ranges that will be analyzed.

e The passbhand shape of the filter is defined for individual points or ranges
beginning at 0 (= center frequency). The filter is symmetrical to the center. All
frequency entries have to match the common frequency spacing.

Channel filter sequence
Subsequences Filter definition
Ind | Start [tMHz] Stop [MHz] | Step [MHz] Frequency spacing [Hz]: | 1000.0
0 936,000 960,000 0,200
1 1505.000 1570,000 0,200 Ind | Start[Hz] Stop[Hz] | Walue [lin]
0 0.0 1200000 1,000
#Add 1 171000,0 121000.0 0500
Edit H 122000,0 122000.0 0.100
Delete 3 123000,0 123000,0 0,050
4 124000,0 1240000 0,010
5 125000,0 1250000 0,001

A right mouse button click on a list opens a menu to edit or delete existing entries or to
add a new line.

The measured spectrum is displayed in a simple graph with auto-scaling. There is no
listing of individual spectral levels. If the “Auto update” box is checked the results will
be collected and displayed automatically, else a new result will be shown when the
“Get result” button is clicked.

Resul: display

If the marker is enabled there is no spectrum data to display.Instead the frequency and
the maximum power level of the marker is shown. In this case the individual results are
collected in the Log file which can be viewed by clicking the “View” button.

HE e —
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Measurement Results

Table 10 Detected BTS measurement results

Parameter Description Comment

Sync code Sync code of the BTS One of 32 codes

Scrambling code Scrambling and midamble One of 128 codes. Sync and
code of the BTS scrambling code are

connected.

Time offset Time offset of the subframe An absolute time is obtained in
with respect to the beginning | combination with the acquisition
of the acquisition. time from the R&S TSMW

RSSITS O Received signal strength
averaged over TSO The RSSI values for different

RSSI DWPTS Received signal strength BTS’s differ only in the time
averaged over the downlink interval for averaging. Perfectly
sync interval synchronized BTS’s will have

RSS UpPTS Received signal strength the same RSSI results.
averaged over the uplink sync | The RSSI measurement does
interval not isolate the signal part from

RSSI TS1 Receiver signal strengths a single BTS.

RSSI TS2 averaged over the

RSSI TS3 corresponding timeslots

RSSITS4

RSSI TS5

RSSI TS5

RSSI TS6

RSCP PCCPCH Received code power for the
PCCPCH

ISCP PCCPCH Cumulated interference
power for the PCCPCH

C/l PCCPCH Signal-to-Interference ratio for
the PCCPCH

Ec/lo PCCPCH Ratio between the received

signal strength averaged over
the PCCPCH and PCCPCH
code power

RSSI Midamble Received signal strength
averaged over the midamble
of Slot 0

RSCP Midamble Code power in the midamble | Please note that for midambles
of slot 0 there is no spreading gain.

C/I Midamble Signal-to-Interference ratio in
the midamble of slot 0

Ec/lo Midamble Ratio between RSSI
Midamble and RSCP
midamble

CIR A list of discrete peaks of the channel impulse response of the
BTS based on the midamble correlation. For each peak the
absolute power level and the arrival time with respect to the
beginning of the acquisition is provided.
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The general RF characteristics of the radio channel are the spectrum and the power
profile.

The spectrum is measured over a 320 psec interval in the acquisition providing a
resolution of 3.125 kHz and a bandwidth of 4.1 MHz. Assuming a channel spacing of
1.6 MHz parts of the spectral components of neighbor channels are included. Due to
the bursty nature of the TD-SCDMA-signal, the spectrum measurement may be
misleading. If at least one single BTS has been acquired the spectrum measurement is
centered over slot 0 of the strongest BTS. If no BTS has been detected the spectrum
measurement is centered over the strongest power in time domain which may come
from a nearby mobile station.

140
20140

Figure 66 Spectrum example from a live measurement with active neighbor channels
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Power profile shows the received signal power as a function of time. The channel filter
is applied to the input data and the power is averaged over slices of 12.5 psec (16
chips). The power profile shows the different power levels for the slots and
synchronization sequences and provides an indication of downlink-uplink distribution. It
can be used for first verification of BTS synchronization and interference analysis.

Time [maec]

Figure 67 Power profile for a single base station in lab environment

The blue line indicates the beginning of slot 0. The DwWPTS burst level is approx. 6 dB
lower than the downlink slots. The uplink slots are not used.

Time [mzec]

Figure 68 Power profile from a live measurement with different levels for the slots
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CW Measurements

Channel Power Measurements

This direct approach leads to very accurate results, since the attenuator is set to best-
fit the measured channel and the IQ samples can be used directly and completely to
calculate the power value. All this has to be paid off by blocking the measurement unit
for the measurement time where only one channel is measured, even if the bandwidth
is significantly smaller than the maximum. In that way, all channels have to be
measured sequentially, so that one sweep will last at least the sum of the
measurement times (there are additional costs, because the equipment must be
synchronized internally).

All this is depicted in the figure shown below. Each of the three channels configured is
measured on its own. The read bar in the mid of the channels is the center frequency
and the blue background shall indicate the bandwidth.

Channel 1 Channel 2 Channel 3

Bandwidth Bandwidth Bandwidth

Center Frequency Center Frequency Center Frequency

il M m

\ Y [ S —
1Q Data leading to 1Q Data leading to
a single power a single power
measurement value measurement value

(il

| —
IQ Data leading to
a single power
measurement value

t

Figure 70 Single Channel Measurement

Multi Channel Measurement

To gain high measurement performance the channels specified to be measured are
grouped together to cover a bandwidth of at most 4 MHz in each group. One such
group is then measured together, which leads to higher measurement rates since the
frequency has to be set only once in the hardware.

There are several drawbacks of this measurement method. One problem that might
arise is that the attenuator is set for the set of frequencies, which may lead to higher
noise levels in the case of some strong channels and the others being relatively weak.

Channel 1 Channel 2 Channel 3

Bandwidth Bandwidth Bandwidth

Center

Center Frequency Frequency Center Frequency

o o )

A

512 Spectrum Lines
FFT created from one measurement (several channels around one frequency)

Figure 71 Multi Channel Measurement
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gl il i iR

ARG g

Single
Channel Mode

WM M { M J H Mxm

{ |

Multi
Channel Mode

Figure 72 Free Run Mode

13.1.2.2 Time and Distance Triggering

To reduce the amount of data used to calculate channel power results, external trigger
devices can be connected to the R&S TSMx device. Each time a trigger is fired, the
event is logged with its timestamp. As soon as a raw measurement chunk is available,
the R&S TSMx software checks if the chunk belongs to a certain trigger, and if so, the
chunk (and possible the following ones as well) will be used to calculate the channel
power.

When triggering is active, the trigger signal from the external device can be filtered to
generate internal triggers that result in the creation of a measurement result. For
example, if it is useful to use only every 10" trigger, this can be configured. It is even
possible to specify non integers as trigger filter, as long as the rational does not get
less than 1. As a consequence, it is not possible to create more internal trigger signals
by software than actually fired by hardware. In the subsequent sections, the trigger
events from the trigger device are called external triggers, and the calculated ones are
called internal triggers.

As soon as the trigger factor is set to a value that is not equal to 1 (i.e. every external
trigger is exactly the same as an internal trigger for the result creation), the CW module
must extrapolate the timestamp when the output trigger has to be generated based on
the history of the last input triggers.

This extrapolation step is of course not a 100% exact replacement and the triggers
raised in that way might differ from the ones really measured, especially when integer
multiples are used. For example, if the factor is set to 2 it is not necessarily true that
each second input trigger leads to an output trigger, since the calculation based on the
time intervals of the trigger history might be different (see figure below).
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In the figure below, several examples are shown how the internal triggers are derived
from the external triggers. In the simplest case, the external triggers exactly match the
internal ones, which is the case when 1:1 triggering is active.

If a 3:2 triggering is active, the first two external triggers are used to extrapolate the
timestamp of the internal trigger. This step is repeated when the next external triggers
arrive. In the sample, the distance between the first and second internal trigger is
increased because the third external trigger also is raised after a longer pause. The
fourth external trigger is fired faster and therefore the internal trigger also is fired nearly
immediately.

In the last case, a 2:1 triggering is shown. The time delta between two subsequent
external triggers is therefore doubled to calculate the internal trigger timestamp
(although the real algorithm is somewhat more complicated). An interesting detail is
that the fourth external trigger is ignored, since the internal trigger calculated from
external trigger two and three is after the one calculated from the third and fourth.

External External External External External  External
Trigger Trigger Trigger Trigger Trigger Trigger

Internal Internal Internal Internal Internal Internal
Trigger Trigger Trigger Trigger Trigger Trigger

1:1 Trigger

External External External External External External
Trigger Trigger Trigger Trigger Trigger Trigger

Internal Internal Internal
Trigger Trigger Trigger

3:2 Trigger

External External External External External  External
Trigger Trigger Trigger Trigger Trigger Trigger

Internal Internal
Trigger Trigger

2:1 Trigger

Figure 73 Internal Trigger Calculation

Until the first internal trigger for a sweep is raised, the raw measurement data is
ignored and not stored for later power value calculation. The chunk that is associated
with the time interval that contains the extrapolated timestamp for the internal trigger, is
the first used to calculate the power value for the channel. Depending on the
measurement time specified for one channel, the additional chunks have to be taken
into account to calculate that value.

In single channel measurement mode this means that also parts of a chunk can be
used to calculate the power value. As depicted the figure below, the internal trigger
timestamp is in located in the mid of the time interval associated with the third raw
measurement chunk. Therefore, the second half of that chunk and the first of the next
are used to calculate a raw power value. In total, three raw power values are
calculated from four chunks. From these three raw power values, the overall channel
power is calculated.

Once all chunks required to fulfill the measurement time constraint for the channel are
available, the measurement unit is tuned to the next frequency and the raw
measurements are processed immediately in the same way as before.

e
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It is important to note that there is not additional trigger required, since once the
J internal trigger is located in a chunk, all configured channels are then measured.

As a consequence, the internal trigger intervals must not be smaller than the total
sweep time required to setup, measure and process all channels.

nnnnnnnn

Figure 74 Triggering in Single Channel Mode

The multi-channel mode basically works in the same way. The raw measurement data
is only processed with the FFT and the spectrum is analysed after the internal trigger is
raised. In comparison to the single channel mode, the raw data is not split to only use
parts of a chunk or to combine to chunks for a FFT. Chunks are always used
completely or ignored in this mode.

In the sample shown below, the tuning to the channel group containing the channel 4,
5 and 6 occurs after all channels in the first group have been measured once.

| Mode

Iti

=

Mi

[}
c
=1
= C|

AVMMWM MMMM MWWMWW_MMWM ‘MMIM M{Mﬂ%ﬂ@ WMWHM

Chi

Total Sweep Time

Figure 75 Triggering in Multi Channel mode
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Sample Application for ViCom CW Measurements

o = I Freq [MHz] BW [Hz] MinAtt Meastime[us] ok ] o ‘

Enter new line: Cerl+-Enter

Load CW Receiver 802,100000  100000.0 100
= 802.300000  100000.0 100
IEEE1334 Version: 11.0.0.4 802,500000  100000.0 100 Load ‘ Save I
TS connected: 1 302,700000  100000.0 100
302.900000  100000.0 100
Rectawer Ir!dsx: 1] 503, 100000 100000.0 100 Request Power Receiver Settings
Chain Position: 1 303,300000  100000.0 100
;SMXI Lw:e n égnuas 803.500000  100000.0 100
erisl Mumber: 803.700000  100000.0 100 ;
Firmware Version: 12,01 803,900000 100000,0 100 RECer otk
W Version: 12.44.0.0 804.100000  100000.0 100
Option Mask: 0x000000EQD 804.300000  100000.0 100 TSMyx Time Base o

80<,500000 100000.0
804, 700000 100000.0
804,900000 100000.0
805, 100000 100000.0
805, 300000 100000.0
805,500000 100000.0
805, 700000 100000.0
805.,900000 100000.0
806, 100000 100000.0
806,300000 100000.0
Set Receiver Index 806.500000  100000.0
806, 700000 100000.0
806,900000 100000.0
807.100000 100000.0

807,300000 100000.0
I 807.500000 100000.0

807, 700000 100000.0
807.,900000 100300.0

Result Buffer Depth | 1024

100 Measurement: Type | 1

11

100 Detector

Set TSMx Time Base

Set Result Buffer

e e e e = Y= =Ny =y ==
=
=)

Set Measurement Type I

Set Frequencies

Set Dekector

Stark Measurement I ~Store Mode

Get Resulk Counters

Result Count To Read | 20 * Stare Results

Get Results

I (™ Throw Results Away

~Result Viewer

Stop Measurement Write exe

Browse
Release Cii Receiver

Terminates CW Recsiver Results LJ

Figure 64 Sample application for ViCom CW

In this demo application, the usage is straight-forward. The most important settings can
be made in the central column, where the measured channels are configured, and in
the right column in the text boxes “Measurement Type” and “Detector”.

In this central column, the list of frequencies that shall be measured can be specified.
Each line in the edit field must contain one channel specification, consisting of the
measured frequency in MHz, the bandwidth in Hz, the attenuation mode and the
measurement time in microseconds.

It is important to specify all of these settings. If there are less than four columns
entered (separated by at least one space character), the line is rejected when clicking
“Set Frequencies” button.

New lines can be entered by pressing Ctrl+Enter. Once the frequencies are specified,
a click on “Set Frequencies” transfers these settings to the R&S TSMY, if all validation
routines have been passed successfully.

The measurement type can be one of the values listed below, and is set using the “Set
Measurement Mode” button.

e 0 - Single Channel Mode, each channel is measured until one power value can be
calculated (based on the measurement time specified)
e 1 - Multi Channel Mode, Channels are grouped and measured together if possible
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As detector, the following values are valid, which can be set by pressing “Set
Detector”.

e (0 — Peak detection (highest power value is chosen when multiple raw
measurements are available)

e 1- Theraw data is averaged (i.e. the linearized power values are averaged)

e 2 — Root-Mean-Square: The single (linearized) values from the raw measurements
are squared, and the square-root of the sum of the power values makes the
final power value.

Once configuration is finished, the measurement can be started by clicking on “Start
Measurement”. After checking the buffer state with “Get Result Counters”, the number
of results specified in “Result Count To Read” can be removed from the buffer by
pressing “Get Results”.

If the “Store Results” radio button is active when fetching the results, they are written
into the ViComMeasurements. txt file stored in the Application\LogFiles directory.
The content of the file looks similar to the one shown in the figure below.

Each result contains a number of sweeps, where the frequencies are given in
ascending order. Note that the sweeps are not necessarily delivered completely, parts
of sweeps maybe delivered with the next result, as shown in the figure.

[£] ViComMeasurements.txt - WordPad E]@

Fle Edit View Insert Format Help

Deld &R # B@Eo B
wFrequencylndex = 11 u64TEMxTime Ind0ns = 26291972608 sPowerInDBml0O0 = -12032 ehttMode = O )
wFrequencyIndex = 12 uE4TEMxTimeInd0ns = 26291972608 sPower InDEBml100 = -11840 eittMode = 0O
wFrequencyIndex = 13 uE4TEMxTime Ind0ns = 26291972608 sPower InDBml00 = -11936 eActMode = O
wFrequencylIndex = 14 uE4TEMxTimeInd0ns = 26291972608 sPower InDBml100 = -11630 eittMode = 0O
wFregquencyIndex = 15 uE4TEMxTime Ind0ns = 26291972608 sPowerInDBml00 = -11616 eActMode = O
wFrequencylndex = 16 u64TEMxTime Ind40ns = 26291972608 sPowerInDBml0O0 = -11728 ehttMode = O
wFregquencyIndex = 17 uE4TEMxTime Ind0ns = 26291972608 sPowver InDBml00 = -11712 eActMode = O
wFrequencylndex = 18 u64TEMxTime Ind40ns = 26291972608 sPowerInDBml0O0 = -1z2080 ehttMode = O
wFrequencyIndex = 19 164TEMxTimeInd0ns = 26291372605 sPower InDEml00 = -11552 elttMode = O

HeasResulc:

dwPoTimeStamp = 378617765ms
U64T3MxTineIn4lns = 26292207616
HeasResulc.ListOfCPichCirs.duCount = 280

wiregquencylndex = 20 |uG‘1TSl‘{xT1mEIn4EInS = Zp29z2z207616 sPowerInDBmlO0 = -11712 ehittMode = O
wFregquencyIndex = 21 uE4TEMxTime Ind0ns = 26292207616 sPower InDBml00 = -11776 eActMode = O
wiregquencylIndex = Z2 u64TEMxTime Ind40ns = 26292207616 sPowerInDBmlO0 = -11782 ehttMode = O
wFrequencyIndex = 23 uE4TEMxTime Ind0ns = 26292207616 sPowver InDBml00 = -11648 eActMode = O
wFrequencylndex = 24 u64TEMxTime Ind40ns = 26292207616 sPowerInDBml0O0 = -11680 ehttMode = O
wFrequencyIndex = 25 uG4TEMxTimeInd0ns = 26292207616 sPower InDBml100 = -11728 eittMode = 0O
wFrequencylndex = Z6 u64TEMxTime Ind40ns = 26292207616 sPowerInDBmlO0 = -11744 ehttMode = O
wFrequencyIndex = 27 uG4TEMxTimeInd0ns = 26292207616 sPower InDBml100 = -11696 eittMode = 0O
wFrequencyIndex = 28 uE4TEMxTime Ind0ns = 26292207616 sPower InDBml00 = -11776 eActMode = O
wFrequencyIndex = 29 uG4TEMxTimeInd0ns = 26292207616 sPowver InDBml100 = -11664 eittMode = 0O
wFrequencyIndex = o uE4TEMxTime Ind0ns = 26292544512 sPowver InDBml00 = -11728 eActMode = O
wFregquencylndex = 1 u64TIMxTime Ind40ns = 26292544512 sPowerInDBmlO0 = -12Z064 ehttMode = O
wFrequencyIndex = 2 uE4TEMxTime Ind0ns = 26292544512 sPowver InDBml00 = -11808 eActMode = O
wFregquencylndex = 3 u64TIMxTime Ind40ns = 26292544512 sPowerInDBmlO0 = -11744 ehttMode = O
wFrequencyIndex = 4 uG4T3MxTimeIndOns = 26292544512 sPower InDBml100 = -11552 eittMode = 0O
wFregquencylndex = 5 u64TIMxTime Ind40ns = 26292544512 sPowerInDBml0O0 = -11680 ehttMode = O
wFrequencyIndex = ] uG4T3MxTimeIndOns = 26292544512 sPower InDBml100 = -11696 eittMode = 0O
wFregquencyIndex = 7 uedTEMxTime Ind0ns = Z6292544512 sPoyerInDEml0O0 = -11536 ehActMode = O
wFrequencyIndex = 8 uG4T3MxTimeIndOns = 26292544512 sPower InDBml100 = -11696 eittMode = 0O
wFrequencyIndex = L) uE4TEMxTime Ind0ns = 26292544512 sPower InDBml00 = -11904 eActMode = O
wiregquencylndex = 10 u64TEMxTime Ind40ns = 26292544512 sPowerInDBmlO0 = -11552 ehittMode = O
wFrequencyIndex = 11 64T TimeInd0ns = 26292544512 sPower InDEml00 = -11556 elttMode = O o)

For Help, press F1

Figure 65 Screenshot of Measurement Result
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Code Example

55 3} ;

//
// This function is necessary to make sort() work on SFrequencySettings
// datastructure. The channels that are configured in a measurement task

60 // must be sorted in ascending order by their frequency, which is
// accomplishied using this less than operato
//

bool operator < (
const CViComCWInterfaceData: :SFrequencySetting& f1,

65 const CViComCWinterfaceData: :SFrequencySetting& 2 )
return fl.dCenterFrequencylnMHz < f2.dCenterFrequencylnMHz;
¥
70 / /
void RunViComCWSample()
{
CViComError cError;
75 CViComLoader< CViComCWInterface > cCwlnterface;

//
// First thing is to load the application dIl and to initialize the TSMx
// device for communication.
80 7/
EXEC_VICOM( "Loading Continuous Wave Measurements API",
cCwinterface.LoadTsmx( cError ) );

EXEC_VICOM( "Retrieving special interface",
85 CViComCWInterface* pcCwinterface =
cCwinterface.Getplnterface( cError ) );

//
// Select the first TSMx in the FireWire chain to be used as measurement
90 // device.
//
EXEC_VICOM( "Setting receiver index",
pcCwinterface->GetBasiclnterface().SelectReceiver( cError, 0 ) );

95 //
// Store as many results in the internal buffer as possible, although the
//
// processing in this sample is performed immediately and the buffer should
never
100 // be fulled completely.
//

CViComBasiclnterfaceData: : SResul tBufferDepth cResultBufferDepth;
cResultBufferDepth.dwValue =
CViComBasiclnterfaceData: : SResultBufferDepth: : dwMax;

105
EXEC_VICOM( "Setting result buffer",
pcCwinterface->GetBasiclnterface() -SetResultBufferDepth( cError,
cResultBufferDepth ) );
110 7/
// The aggregation algorithm specifies how the different samples gained over
time
// shall be aggregated. There are three different modes, of which the root-
mean-
115 // square calculation is chosen here. Should be set before the frequency
table is
// specified.
//
EXEC_VICOM( "Setting detector"™,
120 pcCwinterface->SetDetector( cError,
CViComCWInterfaceData: :etDetector::TD_RMS ) );
//
125 // In the first step, the 124 channels are measured in multi-channel mode.
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// As channels the first 124 GSM 900 channels are used.

//

const int MULTI_CHANNEL_COUNT = 124;

CViComCWInterfaceData: :SChannelSettings cChannelSettings;
130 cChannelSettings.dwCount = MULTI_CHANNEL_COUNT;

for ( int i=0; iI<MULTI_CHANNEL_COUNT; i++ )

{
cChannelSettings.TableOfFrequencySetting[i]-dBandwidthinHz = 200 * 1000;
135 // == 200 KHz
cChannelSettings.TableOfFrequencySetting[i]-dCenterFrequencylnMHz
=935.1 + i * 0.2; // specify how long each channel shall be measured
cChannelSettings.TableOfFrequencySetting[i]-dwMeastimeln_us = 100;
// attenuation is turned off
140 cChannelSettings.TableOfFrequencySetting[i].eMinAttenuation =

CViComBasiclnterfaceData: : STSMxAttenuation: : TSMX_ATT_PA_OFF_RFO_IFO;
3

EXEC_VICOM( "Setting frequency table",
145 pcCwinterface->SetFrequencyTable( cError, cChannelSettings ) );

EXEC_VICOM( "'Setting measurement type to multi channel”,
pcCwinterface->SetMeasurementType( cError,
CViComCWInterfaceData: :MT_MultiChannel ) );
150
//
// All configuration is done, so the measurement can be started.
//
EXEC_VICOM( "'Start measurement",
155 pcCwinterface->GetBasiclnterface() .StartMeasurement( cError ) );

//
160 // The first measurement turn is used to find the strongest sender in the set
of
// scanned frequencies. To do this, the maximum value of all results for one
// channel is stored.
//
const DWORD MULTI_CHANNEL_MEASUREMENT_COUNT = 100;
165 DWORD dwNumberOfMeasurements = 0;

SChannelPower Info vMaxChannelPower[ MULTI_CHANNEL_COUNT ];
for ( int i=0; i<MULTI_CHANNEL_COUNT; i++)

170 vMaxChannelPower[i].nChannellndex = i;
vMaxChannelPower[i].fMaxChannelPower = -200;
¥

CViComCWInterfaceData: :SMeasResult* pcResult = NULL;
175 while ( ( pcResult = pcCwinterface->GetResult( cError, 5000 ) )
&& dwNumberOfMeasurements < MULTI_CHANNEL_MEASUREMENT_COUNT )

SViComList< CViComCWInterfaceData: :SMeasResult: :SPowerResult
>::SLinkedObject*
180 pcPowerResult = pcResult->ListOfPowerResults.pFirst;

for ( unsigned int i=0; i<pcResult->ListOfPowerResults.dwCount; i++ )

//

// One result can contain an arbitrary number of (complete) sweep
185 results,

// and each time the frequency index passes 0, one additional

measurement

// sweep is finished.

//
190 if ( pcPowerResult->wFrequencylndex == 0 )

++dwNumberOfMeasurements;

cout << " Frequency:" << 935.1 + 0.2 * pcPowerResult->wFrequencylndex
<< " MHz:"
195 << " Power: " << (float)pcPowerResult->sPowerInDBm100 / 100.0 << "
dB"

Operating Manual 1505.1329.42 - 12 222


https://www.manualsplus.com/

R&S ViCom Interface CW Measurements

Code Example

<< " Att Mode: " << pcPowerResult->eAttMode << endl;

vMaxChannelPower [pcPowerResult->wFrequencylndex] - fMaxChannelPower =
200 max(
vMaxChannelPower [pcPowerResult->wFrequencylndex] . fMaxChannelPower,
pcPowerResult->sPower InDBm100 /7 100.0 );
pcPowerResult = pcPowerResult->pNext;

}
205 }
//
// Now the measurement is stopped and the configuration is changed to measure
the
210 // strongest frequency from the channels in single measurement mode.
//

EXEC_VICOM( "'Stopping measurement',
pcCwinterface->GetBasiclnterface() .StopMeasurement( cError ) );
EXEC_VICOM( "Waiting for measurement to be stopped”,

215 pcCwinterface ->GetBasiclnterface() .HasMeasurementStopped( cError, 5000 )
)
//
220 // Now its time to look for the channel with the highest power value and
monitor
// it in the single channel mode. The sorting operator used inverts the
normal
// order to be descending, which is simpler to process later (highest power
225 value
// is the first entry etc.)
//
sort( vMaxChannelPower, vMaxChannelPower + MULTI_CHANNEL_COUNT );
230 const int SINGLE_CHANNEL_COUNT = 3;
cChannelSettings.dwCount = SINGLE_CHANNEL_COUNT;
//
// These are basically the same settings as used in the multi channel
235 // measurement.
//
for ( int i=0; i<SINGLE_CHANNEL_COUNT; i++ )
{

cChannelSettings.TableOfFrequencySetting[i]-dBandwidthinHz = 200 * 1000;
240 cChannelSettings.TableOfFrequencySetting[i].dCenterFrequencylnMHz =

cChannelSettings.TableOfFrequencySetting[vMaxChannelPower[i].-nChannel Index]
.dCenterFrequencyInMHz;
cChannelSettings.TableOfFrequencySetting[i]-dwMeastimeln_us = 100;
245 cChannelSettings.TableOfFrequencySetting[i].eMinAttenuation =
CViComBasiclnterfaceData: : STSMxAttenuation: :TSMX_ATT_PA_OFF_RFO_I1FO;

250 // The list of frequencies must be ordered in ascending order. This is
// done by the line shown below. Otherwise the call to SetFrequencyTable()
// would result in an error.

sort( cChannelSettings.TableOfFrequencySetting,
255 cChannelSettings.TableOfFrequencySetting + SINGLE_CHANNEL_COUNT );

EXEC_VICOM( "Setting frequency table",
pcCwinterface->SetFrequencyTable( cError, cChannelSettings ) );

260 EXEC_VICOM( "'Setting measurement type to single channel",
pcCwinterface->SetMeasurementType( cError,
CViComCWinterfaceData: :MT_SingleChannel ) );

//

265 // Second configuration is done, so the measurement can be started again.
//
EXEC_VICOM( "'Start measurement",
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pcCwinterface->GetBasiclnterface() .StartMeasurement( cError ) );

270 while ( ( pcResult = pcCwinterface->GetResult( cError, 10000 ) ) )
{
//
// This time the measurement is done until the user presses a
// key.
275 //
if ( _kbhitQ )
break;

SViComList< CViComCWInterfaceData: :SMeasResult: :SPowerResult
280 >::SLinkedObject*
pcPowerResult = pcResult->ListOfPowerResults._pFirst;

for ( unsigned int 1=0; i<pcResult->ListOfPowerResults._dwCount; i++ )

double fPower = (float)pcPowerResult->sPowernDBm100 / 100.0;

285
//
// Only show power values that are better than the lowest of the three
// top-values measured before.
//
290 if ( fPower > vMaxChannelPower[2].fMaxChannelPower )
{
cout

<< " Frequency:"
<< cChannelSettings.TableOfFrequencySetting[
295 pcPowerResult->wFrequencylndex ].dCenterFrequencylnMHz
<< " MHz, Power: "
<< (float)pcPowerResult->sPower nDBm100 / 100.0
<< " dB, Att Mode: "
<< pcPowerResult->eAttMode << endl;

300 }
pcPowerResult = pcPowerResult->pNext;
3
}
305
cout << "'Shutdown\n";
//
// Stop measurement and close the connection.
310 //
EXEC_VICOM( "Stopping measurement',
pcCwinterface->GetBasiclnterface() .StopMeasurement( cError ) );
EXEC_VICOM( "Waiting for measurement to be stopped”,
315 pcCwinterface ->GetBasiclnterface() .HasMeasurementStopped( cError, 5000 )
)
EXEC_VICOM( "Cleaning up device",
cCwinterface.ReleaseTsmx( cError ));
320 3%
/ /
int _tmain(int argc, _TCHAR* argv[])
325 {
try
{
cout << "ViCom CW Scanner Demo" << endl << endl << endl;
330 RunViComCWSample();

catch ( CViComError cError )

{
cout << cError.GetErrorString() << endl;
335 delete [1 cError.GetErrorString();
return cError.GetErrorCode();
}
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return O;

340 3

This code sample is structured in the same way the other parts of this documentation.
The last part includes the main program that simply performs the error handling in form
of a try-catch block, which can be an appropriate kind of error handling since the error
messages of the ViCom API are helpful for the programmer. In an end-user oriented
application however they should be converted to be understandable for non
technicians. Within the try-catch, the one and only function that contains all the logic is
called (line 311).

In lines 41 to 68 some helper structures and functions for sorting are defined. They are
used later in combination with the STL function sort, and at least the operator<
implementation for the structure
CViComRFChannelPowerReceiverlInterfaceData: : SFrequencySetting is
helpful and can be reused in other applications (see below).

The first action when working with ViCom interface is always to load the required
interface using the CViComLoader<> template class and call the LoadTsmx()
method. It is then possible to receive the interface to control the specific functionality,
calling Getplnterface(). If more than one device is connected, it is important to
specify the receiver unit that shall be used for measuring. In the example, always the
first device is used. All this is shown in lines 81 to 93.

In lines 122 to 139 the measured frequencies are set. These are GSM 900 downlink
channels, starting at 935 MHz and ranging to 960 MHz, each channel having a
bandwidth of 200 kHz. From this set of channels, the three strongest senders shall be
detected. Each channel shall be measured for 100 us before a power value is
calculated. As aggregation function, the Root-Mean-Square method is used, which is
specified in lines 113-115.

This first measurement is performed in the multi-channel measurement mode, to make
the measurement run as quickly as possible. This can be seen in lines 141 to 143. The
internal grouping algorithm will then build 7 groups, each containing up to 4 MHz (20
channels).

After the measurement has been started (lines 148-149), 100 power channel values
are evaluated to find the peak value for each channel. Because each result can contain
a whole bunch of power values from multiple sweeps, the count of measurements
evaluated is increased each time the frequency index is set to 0 again (lines 180,181).

The peak values are stored in a structure that also memorizes the index of the
according channel (lines 188-191). Once all 100 measurements are evaluated, the
measurement is stopped.

Using the STL sort() algorithm, these values are then sorted to find the strongest
senders. This function uses the < operator of the arguments implicitly and orders the
given set in an ascending order. Since greater values are required to be ordered
before smaller ones, the implemented operator< for the SChannelPower Info
structure uses the > operator to achieve a descending sorted array (line 212, 46-54).
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reporting in the result. See the code sample to find a way to simply sort the frequency list
before the measurement is started.

13009 VICEC_RF_CHANNEL_POWER_RECEIVER_WRONG_MEAS_TYPE

One of the two measurement types must be specified for each channel: Either single channel
or multi channel measurement.

13010 VICEC_RF_CHANNEL_POWER_RECEIVER_CHANNELS_MUST_NOT_OVERLAP

The CW API does not support overlapped channels at the time of this writing. That means
that for each channel i with frequency f; and bandwidth w; the following condition must be true:
fi+.5* w; < fa) — .5 * Wiy

13014 VICEC_CW_DETECTOR

Returned if the detector is set to an invalid value (forced through an invalid cast). Can also be
returned if the detector has not been set, but is required to perform another action (for
example, the SetFrequencies() call requires the detector to be specified upfront).

e
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Sample Application

As in the other applications, the center of the dialog is consumed by the technology
specific elements. In this case, this is only a text field in which data can be entered.
Using the button “Send Data” below the text field, the data can be transmitted via the
R&S TSMx to the connected device.

The right side contains the configuration elements. In this case, two settings can be
modified:

e The baud rate: This determines the through-put of the connection. Normally, one
value of the following list fits for most devices: 4800, 9600, 14400, 19200, 38400,
57600 or 115200.

e Silent mode (marked in the screenshot with a green ellipsis): This specifies
whether the silent mode is switched on (4) or off (2). A value of 0 means that the
current configuration is not changed. Refer to the section below for more details.

Sample Application for, ¥iCom RS232
Load R5232 Interface o - Load | Save | O |

Transfer Data Requesk R5232 Settings | Cancel |
IEEE1394 Yersion: 11.0.0.4 +ATD‘
TSMx connected: 1
Receiver Index: 0 Bl
Chain Position: 1 | 115200
TSMx Type: 13
Serial Wumnber: 200013 Set Baud Rate |
SW Version: 11.22.0.42
Option Mask: 0x00000024

Silent Mode

i}

Set Silent Mode |

Receiver Index 0

Set Receiver Index |

Result Buffer 150

Set Result Buffer

Start Measurement |

Get Resulk Counters | Store Mode

+ Throw Results Away

[v Result Loopback to RS232 " Store Results
Get Resulks

Result Yigwer

Skop Measurement | Write, exe

Terminate R3232 Interface Send Data

Release RS232 Interface | Browse |

| ig |

Figure 82 Sample Application for RS232 API
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#include "stdafx.h"
#include <windows.h>
#include <iostream>
5 #include <conio.h>
#include "ViComBasiclnterfaceData.h"
#include "ViComError._h"
#include "ViComLoader .h"
10 #include "ViComRs232Errors.h"
#include "ViComRs232Interface.h"
#include "ViComRs232InterfaceData.h"
using namespace std;
15
/ /
#define EXEC_VICOM( msg, call ) \
if ( strlen(msg) ) { cout << msg << "..."; } \
20 call; \
it ( cError.GetErrorCode() >0 ) { \
char* szErr = new char[strlen(cError.GetErrorString()) + 1]; \
strcpy(szErr,cError.GetErrorString()); \
throw CViComError(cError.GetErrorCode(), szErr); } \
25 if ( strlen(msg) ) { cout << "ok™ << endl; }
/ /
void RunRs232Sample()
30 {
CViComError cError;
CViComLoader< CViComRS232Interface > cRs232Loader;
EXEC_VICOM( "Loading RS232 Tunnelling API",
35 cRs232Loader .LoadTsmx( cError ) );
EXEC_VICOM( "Retrieving special interface",
CViComRS232Interface* pcRs232 = cRs232Loader.Getplnterface( cError ) );
40 EXEC_VICOM( "'Start measurement',
pcRs232->GetBasiclnterface() -StartMeasurement( cError ) );
cout << "Press ESC to quit application..." << endl;
45 while ( true )
{

// User interface is as follows: Listen to the "virtual COM"

// device and print incoming data until a key is pressed. If the

// key is the ESC charcter, the application is stopped. Otherwise
50 // the input string is used to send a command to the connected

// COM device. If the input string is empty, the application is

// stopped as well.

if (! _kbhitQ )

55 CViComRS232InterfaceData: :SMeasResult* pcMeasResult;

pcMeasResult = pcRs232->GetResult( cError, 100 );
if (! pcMeasResult && cError._GetErrorCode() !'= 119 )

60 char* szErr = new char[strlen(cError.GetErrorString()) + 1];
strcpy(szErr,cError.GetErrorString());
throw CViComError(cError.GetErrorCode(), szErr);

65 // Continue if no result is available or no actual result
// is in the measurement result. This can be the case since
// the internal watchdog thread listening on the firewire
// connections for results of the COM interface generates
// "empty results” iIn each turn (one every second).

70 if (! pcMeasResult || ! pcMeasResult->pReceiveData )

HE
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continue;

}

75 //
// Print the result data, character by character to include
// control symbols and NULL characters that belong to the
// result as well.
//
80 cout << "Data received: ";
for ( int i=0; i<pcMeasResult->pReceiveData->dwCharCount; i++ )

{

b
85 cout << endl;

cout << pcMeasResult->pReceiveData->pcCharacters[i];

continue;

90
// This is the command center: Exit the while loop if the user
// pressed ESC or the input string read is of zero length.
char szCommand[ 1024 ];
szCommand[0] = getch();
95 if ( szCommand[0] == 27 || szCommand[0] == 13 )
{
cout << "Pressed ESC or entered empty string => quit demo" << endl;
break;

}

cout << szCommand[O];
_cscanf( "%s", &szCommand[1] );

100

// consume final return key

105 getchQ);

CViComRS232InterfaceData: : SCharacterBuffer sCharacterBuffer;
sCharacterBuffer.dwCharCount = strlen( szCommand );
sCharacterBuffer.pcCharacters = szCommand;
110
EXEC_VICOM( "Sending data',
pcRs232->SendData( cError, sCharacterBuffer ) );
3

115 EXEC_VICOM( "'Stop measurement',
pcRs232->GetBasiclnterface() - StopMeasurement( cError ) );

EXEC_VICOM( "Waiting for stop signal”,
pcRs232->GetBasiclnterface() -HasMeasurementStopped( cError, 1000 ) );
120
EXEC_VICOM( "Unloading...",
cRs232Loader .ReleaseTsmx( cError, false ) );

}
125 / /

int _tmain(int argc, _TCHAR* argv[])

{
try
130 {
cout << "ViCom RS232 Scanner Demo" << endl << endl << endl;

RunRs232Sample();

3
135 catch ( CViComError& cError )
{

cout << cError.GetErrorString() << endl;
delete [] cError.GetErrorString();

return cError.GetErrorCode();
140 }

return O;
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¥

The setup procedure is the same as in every other ViCom sample application. Even
the configuration of the measurement is kept minimal in this sample, no special
settings are defined. Instead, default values are used (115200 for the Baud Rate) and
the application is started in line 41.

The most interesting stuff happens inside the while loop. The loop is an endless loop
that can only be exited in line 98, which is executed if the user presses ESC or enters
an empty command string.

In lines 58-86, the results are read from the device and then printed to console, if
information is available. One important aspect shown in the example is that the error
returned from the GetResult() method is not directly interpreted by the
EXEC_VICOM() macro, but it is checked manually. This is done since the RS232 API
does deliver results only every second. If no result can be found in the given timeout-
window, such a timeout is returned as error. To handle that case, the error code is
checked.

Printing the result is a simple task and is done in line 80-85.

The program control logic is performed in lines 93 to 112. The first character is read as
first part of the command string, if it is not an exit key (lines 93-99). Then the rest of the
command is read using the scanf() function. The command is terminated by a
RETURN character, which is consumed separately since the scanf() function does
not consume that character (lines 101-106).

Once the command string is found, it is send using the ViCom interface.

HE
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R&S TSMW Configuration

"€ Rass TSMW 1503.3001K02/100009 - Windows Internet Explorer B =x]
@ ) ‘i httpif192.168.0.2) 1"5 X gl il
ISle JEd W CEaloee Tk N I . s
4he |@R&S@TSMW1503.3001K021100009 |7| B v B v b pags v () Toos -
o)
Active Optionkeys
Option Option Material Optionkey Format Privilege Timestamp License Activation Valid Valid Time To
Index Type Number Count Type From To Expiration
1 TSMW- 1503.3960.02 136969178412034997631573236926 0 Customer 2008-07-03 1 Permanent - - -
K1 Order 06:30
21 TSMW- 1503.4514.02 356866547527413676630206567647 0 Customer 2009-07-29 1 Permanent - - -
K21 Order 08:18
22 TSMW- 1503.4520.02 205947346541342637510377498559 0 Customer 2009-07-29 1 Permanent - - -
K22 Order 06:18
26 TSMW- 1510.8792.02 016053306928060559851401349648 0 Customer 2009-07-29 1 Permanent - - -
K2e Order 0€:18
27 TSMW- 1503.4537.02 228826789119888685561107045374 0 Customer 2009-10-20 1 Permanent - = B
K27 Order 09:26
28 TSMW- 1503.4543.02 258331664939731883060795245924 0 Customer 2008-07-17 1 Permanent - - -
K28 Order 07:52
23 TSMW- 1503.4550.02 015430682406919203092337151146 0 Customer 2009-03-18 1 Permanent - - -
K23 Order 08:42
121 TSMW- 1503.4589.02 3117573754 1 ] Cust: 2009-07-29 1 Permanent - = E
K121 Order 06:18
122 TSMW- 1503.4595.02 245543933616086293802786216943 0 Customer 2009-07-29 1 Permanent - - - =
K122 Order 06:18
126 TSMW- 1503.4789.02 159963900903968861720640471947 0 Customer 2009-07-29 1 Permanent - - -
K126 Order 06:18
127 TSMW- 1503.4614.02 254181590 )57 1] Cust 2 10-20 1 Permanent - = =
K127 Order 09:26
128 TSMW- 1503.4566.02 295036083233863879230626211017 0 Customer 2008-07-17 1 Permanent - - -
K128 Order 07:52
129 TSMW- 1503.4572.02 397169887811946762342241135434 0 Customer 2009-03-18 1 Permanent - = B
K129 Order 06:42
221 TSMW- 1503.4795.02 084823431638520694222366864086 0 Customer 2009-07-29 1 Permanent - - -
K221 Order 06:18
222 TSMW- 1503.4808.02 05301940230439 196 0 [+ 2009-07-29 1 Permanent - - -
K222 Order  06:18
Inactive Optionkeys
Option Option Material Optionkey Format Privilege Timestamp License Activation Valid Valid Invalidity
Index Type Number Count  Type From To  Reason
1] TSMW- 1514.4327.02 380469971912113853701473899089 0 Demo 20100224 1 Temporary 2010- 2011- notyetin
Ko 14:12 Date 02-24 02-24 activation
phase
[
| m | (@)
Done % Local intranet 0% -

New options can be installed when either an option file or an option key is available.
This can be done in the “Install Option Key” section shown below.

"€ RaS® TSMW 1503.3001K02/100009 - Windows Internet Explorer B ==
= i
9‘ ~ & hipyitez. 168,020 [oe} %2 |00 bl
file Edit View Favortes Tooks  Help
‘@R&E@ TSMW 1503,3001K02{100009 ‘ ‘ f2- B - e
=
Install Option Key
e | [ owee | IR
enter manually [ ‘m
R&S® TSMW option order(s) are shipped as “.xml-files on a CD.ROM. For option installation, insert the CD-ROM into the computer drive, press the
"Browse” button, select the corresponding option file on the CD-ROM and press “Install”.
Alternatively to xml-file input, the option key could be entered manually. m
=
e
After finishing installation this page is beeing updated automatically and the added option should be listed in the instrument options section.
1065
Done %J Lacal inkranet. H100% v
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|

Installing the R&S TSMx Windows device driver manually

@ TSMuleeel394Driver =10l =|

File Edit  ‘iew Favorites Tools  Help | ,:"‘
Qeatk - ) - (T F F| O seanh ([ roers | [ (50 X ) |-
Address |[5) CARUSIYICom_14, 40y Tools\ TSMxIeee 1 394Driver = Go
Folders X ETSMxDriverInstall.exe

= 1) Vicom_14.40 -]

|5 Application
I3 Interfaces
(5 Manual
|5 Project
|3 SampleFaorErrorHandler
I3 sampleForyiComCdmaz000
I SampleFaryiComC
[ SampleForvicomGRs
I3 SampleForviComGESMMWS
|5 SampleFaryiComLTE
[ sampleForiComLTE _cmd
|5 SampleForyicComRFRrowerScan
5 SampleForyiComRFPowerScanT My
|5 SampleFaoryiComRs232
I SampleFaoryiComWodmasGppPns
253 SampleForyicomwiMa
|5 SampleForyiComWiMaz_cmd
= ) Tools
[C) TSMMY_Firmware
() TSMxFirmwarelnstall
l':l T Ie 18

| TSMxOptionkevInstaller -
4| | v]

Double-click on the executable TSMxDriveriInstall .exe.

After a short pause, the following splash screen appears.
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Installing the R&S TSMx Windows device driver manually

T5Mx Device Driver Installer i g[

Welcome to the TSMx Device
Driver Installer |

Thiz wizard will guide wou through installing aor updating the
drivers for TSMx Devices.

To continue, click MNext.

< Back

Cancel |

Follow the instructions in the dialogue box, and make sure that no application is using
an R&S TSMx, and that the Device Manager is not displaying R&S TSMx Property
pages.

Click “Next” to start installing the device driver, and follow the instructions in the install
wizard.

When the device driver is installed, the Firewire connection to the R&S TSMx may be
checked with the OptionKeylnstaller utility supplied in the ViCom zip file on the CD-
ROM. If the zip file was unpacked as described earlier in this document, the
OptionKeylnstaller may be found in the following location:

1 —
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I
R&S TSMx Firmware Upgrade

CAREFULLY. If you miss any single detail, this might cause the firmware installation to

g@b If you do a firmware installation, make sure to follow ALL listed steps in this manual
fail and leave an unusable device up to you.

After you started the tool, you should see a window similar to the one shown below:

£ TSMH Firmware Installation a8 x|

TSMx Firmware Installation

1. Choose a Firmware to be installed.

2. Close all other applications that can use the TS

2. Be sure only one TSMx is connected to your PC.

4 Switch OFF your TShx

5. Switch OM your TS

& Wait half a minute. The TShx will appear in Windows Device Manager.

7. Verify again that the state of the whole Upper TShx LED line is stable for & seconds.
3. Click the appearing Install button.

(You must MOT interrupt the Installation after having clicked the Install button )
9. After update close this Installer and manually switch OFF your TSk,

10, When switching it on again the TSz will boot with the installed Firmware.

Please choose 5 Firmwate,
1
Choose Firmware,.. i

Hlease choose a Firmware | Exit |

The installation is then done as follows:

1. Choose the firmware that shall be installed. Click on the button marked with a blue
ellipsis. A drop-down menu opens and lists all the available firmware versions.
These are extracted from the Firmware subfolder that can be found in the
application path. Selected the appropriate version.

2. Close all other applications that might use R&S TSMx. These are the sample
applications, the option installer tool and your own R&S TSMx-related applications.

3. Check if only one R&S TSMx is connected to the PC. The tool does not check how
many instances of R&S TSMx device are connected with each other and the PC.
Since the data is transferred on the firewire connection without a specific
destination, behavior is undefined if multiple devices are connected to the PC
during installation.

4. Switch R&S TSMx off and on.

5. Wait about 30 seconds until the R&S TSMx LEDs stopped blinking. After that time,
the LEDs should not blink at all or show a constant behavior for at least 5 seconds.
If the Process/State LED keeps blinking, the silent mode of the RS232 API might
still be turned on. In that case, a firmware update can be started.

6. The installation button in the screenshot above can now be pressed. A progress
window is shown now.

HE e —
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UMTS Technical Notes

SIB Contents Reference in Corresponding
Number 3GPP TS PDU
25.133v5.x.X
10 not defined 24
11 Measurement control information for the cell that is 10.2.48.8.14 25
broadcasting the SIB.
12 Measurement control information to be used in 10.2.48.8.15 26
connected mode.
13 ANSI-41 system information 10.2.48.8.16 27
13.1 ANSI-41 RAND information. 10.2.48.8.16.1 28
13.2 ANSI-41 User Zone Identification information. 10.2.48.8.16.2 29
13.3 ANSI-41 Private Neighbour List information. 10.2.48.8.16.3 30
134 ANSI-41 Global Service Redirection information. 10.2.48.8.16.4 31
14 Parameters for common and dedicated physical 10.2.48.8.17 32
channel uplink outer loop power control information
to be used in both idle and connected mode.
15 Assistance information for UE-based or UE-assisted 10.2.48.8.18 33
positioning methods
151 Assistance data for Differential GPS measurements. 10.2.48.8.18.1 34
15.2 Assistance data for A-GPS measurements 10.2.48.8.18.2 35
15.3 Assistance data for A-GPS measurements. 10.2.48.8.18.3 36
154 Ciphering information and assistance data for 10.2.48.8.18.4 37
OTDOA positioning.
155 Assistance data for OTDOA positioning. 10.2.48.8.18.5 38
16 Radio bearer, transport channel and physical 10.2.48.8.19 39
channel parameters to be stored by UE in idle and
connected mode for use during inter-system
handovers.
17 fast changing parameters for the configuration of the 10.2.48.8.20 40
shared physical channels to be used in connected
mode (UMTS TDD systems only).
18 PLMN identities of neighbouring cells, used in idle 10.2.48.8.21 41
mode as well as in connected mode.
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