Digital Radiocommunication Test Sets CRTP 02/CRTC 02

for GSM 900, DCS 1800 and DCS 1900 Mobhile Stations

CRTPO2 and CRTCO2 are extremely
powerful test sefs, providing all simula-
tion and analysis capabilities from
measurement of GSM 900, DCS 1800
and DCS 1900 specific RF parameters
through to detailed checking for errors
in the signalling protocol.

The Radiocommunication Test Set
CRTP 02 simulates a base station (BTS,
cell) with two independent radio chan-

nels in the GSM or DCS 1800 band.
The CRTCO2 covers in addition the
DCS 1900 standard in the US PCS fre-
quency band.

With CRTPO2 and CTRCO2 almost
every GSM feature which is relevant for
the communication between mobile
and network can be tested. Besides the
standard speech service the instru-
ments optionally support

* Short Message Service

¢ Supplementary Services

* Transparent Data Services

¢ Non-Transparent Data Services
(RLP)

e Ciphering A5-1 and A5-2

* GSM Phase lI

Due to its flexible structure the instrument
can follow easily the evolution of the
GSM standard by software upgrades.
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Milestones in GSM testing

Rohded&Schwarz expertise in GSM test-
ing goes back to the late 1980s. As the
leading manutacturer of testers for ana-
log mobile radios R&S launched the
markel’s first GSM compact fester
CMTA 94. The instrument was designed
to meet the early needs of the GSM radio
engineers and was soon followed by the
GSM Radiocommunication Test Set
CRTS 02, which offered, in addition, in-
depth signalling test capabilities.

The CRTS 02 has set the standard in
GSM testing. It became the key element
of the Interim Type Approval System,
parts of its hardware and software went
info the Full Type Approval System.
These systems are used for qualifying
every GSM mobile on the market by test
houses.

Its successor, Digital Radiocommunica-
tion Test Set CRTP02, extended the fre-
quency range to DCS 1800 and be-
came the heart of the DCS 1800 Type
Approval System.

Many tests originally developed for sys-
tems using CRTS/CRTP have been made
available to customers and have lead to
the situation that almost every manufac-
turer or operator worldwide uses
CRTS 02 or CRTP 02 for development
and/or verification of mobile stations.

In eardy 1995 Rohde & Schwarz
launched the CRTC 02 which now covers
in addition the US DCS 1900 frequency
range. At the same time, R&S began
shipping completed GSM phase 2 test
case packages. Through all the years
Rohde & Schwarz has provided upward
and backward compatibility by offering
hardware and software options: A
phase 2 test will still run on CRTS 02
shipped years ago.

That is the R&S way of safeguarding the
customer’s investment in fest equipment.
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Digital Radiocommunication Test Set CRTPO2

The CRTPO2 has set the standard in
GSM testing. Due to the high flexibility
and an extensive list of features, this in-
strument or parts of it have been used to
built the kernel of the GSM 900 and
DCS 1800 type approval systems. All
the know-how and experience ob-
tained during the design and the use of
these systems reflect back into the
CRTP/C software and allows measure-
ments with results traceable to the type
approval procedure.

Applications

Development

* Measurements on GMSK-modu-
lated RF signals and receiver test-
ing

* Testing of all signalling functions
and validation of data transmission
protocols and timing

TEST SET - AMALDG LIT

* Simple generation of customized

test procedures

Type-approval preparation and
quality assurance

Testing of conformance with GSM Rec-
ommendation 11.10. phase! and
phase Il with respect fo

* channel coding

¢ datalink protocols

* network signalling and

* GSM-specific RF parameters

Chip design

Thanks fo builtin TTL input/output of
bits and an optional 1/Q interface at
baseband the instruments are ideal for
use in development and validation of
integrated circuits and modules.
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Operation

The CRTPO2 and the CRTCO2 may be

operated in three different ways:

* via convenient menus

* by running ready-to-use test cases
selected from a pick list

* by running user-programmed tests

Menu interface

The convenient, menu-guided user in-
terface permits simple and fast call-up
of test routines and RF measurements.

Test routines

* synchronization of mobile

* location update of mobile

* incoming/outgoing call setup
* power level control of mobile
* bit error in loop-back mode
e channel change

e call clearing by mobile

e call clearing by network

» SACCH measurements

» speech |00p-bcck

RF measurements

* phaose error

* frequency error

* power level

* power characteristics versus time

Test routines and measurements are
clearly indicated on the screen and ac-
tivated by simple selection. Test results
are displayed in graphical and numer-
ical form.

Ready-to-use programs

About 20 of ready-to-use test programs
complying with GSM Rec. 11.10,
GSM 900 and DCS 1800/1900 are
delivered with the instrument’s basic
operating software. Numerous addi-
tional test programs are available as

software options,

By means of a fest environment man-
ager, the programs may be selected
from a list using the cursor and subse-
quently started.



The test programs automatically gener-
ate a pass/fail result which in many
cases is accompanied by an error mes-
sage. The complete signalling se-
quence is sfored in the log memory of
the instrument, permitting o detailed
analysis of messages from layer 1 to
layer 3. The ready-fo-use test programs
are written in C and supplied in source
code.

User programming

Experienced C programmers are able
to modify the test programs, for in-
stance fo locate error sources in the mo-
bile. All required tools such as software
compiler and message editor are sup-
plied with the system. In order to sim-
plify the writing of customer programs,
a number of clearly arranged program
examples for frequently occurring func-
tions such as location update, mobile
originated/terminated call as well as
for measurements of bit error rate,
phase frequency error and power fime
template are delivered as part of the in-
strument.

Signalling

The instrument performs all channel
coding and layer 2 signalling functions
automatically in realtime. The detailed
signalling sequence is determined by
the user-written or ready-fo-use C pro-
gram, defining which layer 3 messages
have to be transmitted in which order.

The messages are generated by a spe-
cial editor which can handle the coding
rules of GSM 4.08. The same tool is
also used to examine the log memory.
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Menu-driven RF measurements

In order to test the layer 2 or RLP func-
tion the layer 2 functionality can be
modified during the execution of o test.
In particular, it is possible to ignore a
certain number of layer 2 frames, wait
for the arrival of a specific frame or
modify the layer 2 status variable V(R),
V(S) and V(A).

A builtin speech coder/decoder may
be used fo test voice transmission. Data
traffic may be routed to the display or
the COM inferface of the instrument.




Protocol analysis

Every transmitted or received layer 3 or
|oyer 2 message, or even the bits of a
burst, are marked with a frame number,
channel type and recorded in the log
memory. The menu-controlled message
editor operating in line with the coding
rules of GSM 4.08 can be used to nav-
igate through the log memory and fo
display the recorded sequence at the

various layers in mnemonic form.

The user may lock af the message se-
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Data Services

The CRTP0O2 and CRTC 02 support the
testing ofirunsparenl and non-franspar-
ent data services. In the transparent,
asynchronous case the instrument per-
forms rate adaptation and checks for
missing stopbits, wrong parity bits efc.
The instrument is also able to generate
data streams with over- and under-
speed.

When testing the non-transparent radio
link protocal, the tester performs the
correct realtime protocol and CRC
checking. In addition, the instrument
can simulate incorrect sequences such
as the loss of acknowledgements and

wrong sequence nu mbers.

Short Message Services

The instrument supports pointto-point
and cell broadecast Short Message
Service. The message editor displays
the content of the transmitted message
and the related signalling overhead. A
layer 2 level the correct signalling at
SAPI3 can be displayed in ASCII for-
mat. A set of ready-to-use test programs
is available for both phase | and

phase Il.

Supplementary Services

The instrumentis able to test supplemen-
tary services such as call forwarding,
call restriction ond call charging by us-

ing a set of ready-to-use test programs.

ayer

TCH-Data=Ind
RLP U Header

Format (lo) Low component nf RLP Format

Unused hits 1% llmtae& ata bit
C/R Command
Umnisecl data hits

Unused hits
Il Format
P/F

Format (h1)

RLP_Dat
83-85 39 00 @0 60 @@ 0P G0 6@ B @0 0P 60 00 G0 A0 0P 60 Be 00 BP 60 60

RLP_FCS
78 CC 25

ﬁ!“ﬂmmt 'i?n‘r:r:la?lﬁazrlﬁ !"Iﬁ‘f;“i' (Pue,~.,
URRYZiHoRBLabcdelghijkl mnupqrstuwxgzddt‘ih:\

amp — hours

tens of hours
3 l!iiﬂlﬂ - - minutes
» ——Benn
: peap--—

: —-Apand SC - tens of secs
'IIHIIU 1 '. (quarter hours) ]
: —4 Fositive time zone
/ : fi{ili Time Zone x10 (quarter hours a
TP LIB I(nqth - 1I}IHHI_IBEI Length in characters 160
TP_HB : 11988181 User Data press <tntrr‘ 197

AR ==
Facility
| : BU168118 CIE length in wo of bytes 38
Facility Component Tag : 10160881 Invoke Component
Length : GB1oe16a Def inite

Tag : Mopp@eia Invoke 1D
Length : Haeeann1 ef i
woke 1D B0ga0D

Tad Bopaaale
Length : BRAoaan1
Operation Code : B1111181
Tay : Be1ibeso
Length : Bepi111p0
: 1800A668
: bepeBpAl
: B11io6ie Advice of charge char
Tl : 1816B0a1 Charging Informatio
Length : bap1@111 Definite
: IBBBBBEI Bt

ForwardChargenduvice
Forward Charge Advice

l“!" ﬁ]h

Fn( .I.ry information elemen! for charging supplementary services

6 Digital Radiocommunication Test Sets CRTP02/CRTC02



Block diagram of CRTP

[—
S CoM Monitor
1 i
Hard disk :
._.I\ ICE /IEFE-bus ’ RS-232.C- Canfronics
<:..._1/ inferface Fing:i)\::lsk inferface VGA interface ) Digital
. inputs/oulputs
} 1 ‘ * l L | * for chip design
RAM L (CIOCK
CPU AT BO4BS 8 Mbyte iN
— QouT
] l 1 | ]
” 1 ] our
2 Maolti- B
o} TX DSP TX DSP RX DSP RX DSP function Ky
= DSP :': IN
e — [ I | ] €
) [ [ [ o
=1 S
un o] w W W Wy Y
Y Y [ |

RF synthesizer | RF synthesizer| RF analyzer

1/Q
|
RF anu!yzer -—

I —

E—

K p 'CFnJ::zErfEcEc-:us whtep Afttenuator

b

’—bsrap Attenuator

e a

1r111

NV Y
Cannectors for external
fading simulator
Hardware

The Digital Radiocommunication Test
Sets CRTPO2 and CRTCO2 consist of a
digital unit, analeg unit, colour monitor
and keyboard.

Digital unit

A 80486 microprocessor forms the
core of the digital unit. The high speed
required for realiime signalling and
fast measurement is obtained with the
aid of five digital signal processors con-
nected to the analog unit via fast infer-
faces. A 200-MByte hard disk with o
short access time offers sufficient mem-
ory capacity for system soﬁwure, user
programs and measured data.

\
;
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Analog unit

The analog unit comprises all necessary
RF components. Exiremely high signal
quality and low measurement errors en-
sure that measured data of the mobile un-
der test are not impaired by characteris-

tics of the measuring instrument.

Each of the full-duplex channels is allo-
cated a fast frequency-hopping synthe-
sizer, a GMSK modulator, an output
stage for level generation and a de-
modulator.

Several LEDs on the front panel indicate
essential signal states and instrument
setups in real time. At the transmitter
end, fading simulators may be con-
nected into the signal path.

Hardware Options

AF Measurements CRTP-B1

A wide range of audio measurements

can be performed on the AF section of

the mobile under test. The AF generator

provides single or double tones. The fol-

lowing measurements are imple-

mented:

* AF voltmeter with rms or peak
weighting

* Continuously tunable distortion
and SINAD meter

* AF frequency counter

e DC ammeter/voltmeter

1/Q Interface CRTP-B7

This option provides access fo the infer-
face between the modulator and the ra-
dio part of the instrument and enables
the testing of mobiles at module level.

The digital section of a mobile can be
examined in the baseband at an early
stage when the RF module is not yet
available.

Test SIM CRT-Z2
A special SIM card with known content
enables the testing of authentication
and ciphering.
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Software Options
GSM Phase [

CRTS-K48 (SMS + TDS)

This option consists of the message ed-
itor support for SMS, ready-to-use fest
programs for short message service
and the basic software for transparent
data services. The software works in all
modes GSM 900, DCS 1800 and DCS
1900.

CRTS-K22, CRTS-K23, CRTS-K 24

(Test Cases)

These three options together contain
more than 150 ready-to-use test pro-
grams for GSM 900 in accordance
with the GSM recommendation 11.10.
The test programs follow the GSM evo-
[ution. For the detailed content and the
actual version of GSM 11.10. please
contact your local sales office.

CRTS-K 38 (Supplementary Services)
This option consists of the message ed-
itor support for supplementary services
and ready-to-use test programs. The
software works in all modes GSM 200,
DCS 1800 and DCS 1900.

CRTP-K22, CRTP-K23, CRTP-K 24

(Test Cases)

These options are the DCS 1800 and
DCS 1900 version of CRTSK22 to
CRTS-K24.

GSM Phase 11

CRO2PH2 (Operating Software)
This option is the phase Il operating soft-
ware for the CRTC 02 and CRTPO2.

CR48PH2 (SMS + TDS)

This option consists of the message ed-
itor support for short message service
and the basic software for fransparent
data services. The software works in all
three modes GSM 900, DCS 1800
and DCS 1900.

CRTP-K52, CRTP-K 53, CRTP-K54
(Test Cases)

These three options together confain
more than 150 ready-fo-use test pro-
grams for GSM 900 in accordance
with the GSM recommendation 11.10.
phase Il. The test programs follow the
GSM evolution. For the defailed con-
tent and the actual version of GSM
11.10. please contact your local sales
office.

CRTP-K 58 (Supplementary Services)
This option consists of the message ed-
itor support for supplementary services
GSM 900 phase Il and a set of ready-
to-use fest programs.

CRTP-K59 (SMS)
This option is made up of a set of ready-
to-use test programs for short message

services GSM 900 phase |I.

Frant panel of analog unit: LEDs indicate important signal states and instrument setups in realtime

o8008 eeeoece TE/RX STATIS
tevee esee ; |
esenee 09®0® U v O
cece0ce 099®8O i

eoo0000oOoc0OGGS ©
oceco0cROROOGES

@ uviEnaviy 0

6000000008000 © i O

Sl LT e

AUDID MONITOR
FHORES. SPEAKER VOLIME SOUACE
e 3 VDiTHELER
® =
i © tecouen
iiiEa ) GENERRTUR
i AF SPEECH
C GEMERATOR  VOLTMETER CnkGouER:

LU L8

8 Digital Radiocommunication Test Sets CRTP02/CRTC02

CRTP-K62, CRTP-K63, CRTP-K 64
These three options are the DCS 1800
and DCS 1900 version of CRTP-K52 to
CRTP-K54.

CRTP-Ké68
This is the DCS 1800 and DCS 1200
version of CRTPK58.

CRTP-K69
This is the DCS 1800 and DCS 1900
version of CRTP-K59.

CRTS -K28 (NTDS/RLP)

adds non-fransparent data services (ra-
dio link protocol) capability to the in-
strument. The option covers both GSM
phase | and phase |,

CRTS -K1
adds A5-1 ciphering fo the instrument.

CRTS-K2
adds A5-2 ciphering fo the instrument.

CRTP-K55, CRTP-K65 (Handover)

This option confains o set of phase |I
handover tfests for GSM 900 and
DCS 1800/1900 mobiles.
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Specifications

Analog unit

Signal generator
Frequency range

Spurious phase modulation
Frequency aging

Temperature variation

Maximum output level

Static atrenuation sefting
Resolution

Dynamic attenuation

level error

Modulation

Analyzer
Frequency range

Reference level for full dynamic range
GSM band

DCS 1800/DCS 1900 band

Step size

level errar

Spurious phose modulation
Sampler

Synchrenization

Inputs/outputs

for fading simulator
for RFn/0ur and RFjug
Speech coder/decoder

Input voltage
Output voltage

Digital unit

Processor
Disk drive

Graphics
Interfaces
Channels supported

GSM band 935.2 to $59.8 MHz
DCS 1800 band 1710.2 to
1784.8 MHz

DCS 1900 band 1930.2 1o
1989.8 MHz

=17 rms, <4° peak

<2 x10°%/day

(after 30 days operation)
<2x10°7/°C

13 dém

Oto 135 dB

5dB

Oto 35 dB {electronic)

<1.5dB from-127 to +13 dBm,
{with dynamic attenuation at 0 dB)
GMSK, bit rate 270 B33 bit/s ace. ko
G5SM Rec. 05.04

G5M band 820.2 to 914.8 MHz
DCS 1800 band 1805.2 to
1879.8 MHz

DCS 1900 band 1850.2 to
19098 MHz

+13 1o +47 dBm (RF 1y /out)

~17 to +19 dBm (RFr2),

+9 to +36 dBm (RFjnycur)

-21 to + 6 dBm {RFjyzl,

3dB

<2 dB

<1 “rms, <4° peak

two 12-bit A/D converters (for | and
QG signals), sampled at 1.083 MHz
{4 samples per bi}

10-MHz output, 52-MHz output,
10-MHz input/output

2 Nype connectors, 50 £
{output level 8 to 13 dBm)
Nype connectors, 50 £2

20mV 1o 2 V (Riy= 100 ke
2VI(R,, <30

80486 AT/8 MByte RAM

31/2", 1.44 MByte floppy
200-MByte hard disk

VGA

parallel Centronics, RS-232-C
COchannel with FCCH + SCH + BCCH
+ CCCH + CBCH + SDCCH/4 +
SACCH

traffic channe! (speech and data] with
TCH + FACCH + SACCH,

SDCCH/B + SACCH

AF Measurement Unit (CRTP-B1)

AF generator
Signal source
Frequency range
Cutput level
Output impedance

AF voltmeter
Operating modes
Frequency range
Level range

Weighting filter

Distortion meter
Frequency range
Measurement range

single or dual tone
20 Hz o 20 kH=
10uVte 5V .,
<3Q

rms, +peak, —peak
50Hzto 5 kHz

0.1 mV 1o 30 Vs

CCITT filter, complying with
CCIIT0.41

20 Hzto 20 kHz
Oto 50 %

AF frequency counter
Frequency range
Resolution

Input level

DC measurements
Veltage/currrent

1/Q Inputs/Outputs (CRTP-BT)

Input level /output level

The option is required separately
for each of the two channels

of CRTC02/CRTPO2

General data

Operating temperature range
Environmental conditions
Storage temperature range
Fower supply

Dimensions (W x H x D], weight
Analog unit
Digital unit

Ordering information

Digital Radiscommunieation Test Set
Digital Radiccommunication Test Set
AF Measurement Unit

I/Q Inputs/Qutputs {required twice)

Phase | Options

GSM 900 Test Cases

GSM 900 Test Cases

G3M 900 Test Cases

DCS 1800/ 1900 Test Cases

DCS 1800/ 1900 Test Cases

DCS 1800/1900 Test Cases
MNon-Transp. Data Services
Supplementary Services incl. 17 fests
Transp, Data Services/SM5

Phase Il Opfions

GSM Phase 2 Basic Software
Transp. Data Services/SMS
GSM P00 Test Cases

GSM 00 Test Cases

GSM 900 Test Cases

GSM 900 Handover Test Cases
GSM 200 Test Cases

GSM 900 Test Cases

DCS 1800/ 1900 Test Cases
DCS 1800/ 1900 Test Cases
DCS 1800/ 1900 Test Cases
DCS 1800/1900 Handover Test C.
DCS 1800/1900 Test Cases
DCS 1800/ 1900 Test Cases
Ciphering A5-1

Ciphering A5-2

Acessories
G5SM Test Sim

50 Hzto 5 kHz
0.1 Hz/1 Hz
10 mV ta 30V (upta 20 kHz)

Oto=30V/0to +10 A

+1.5 Vpeuk/t] BT

Oto d5°C

ta IEC 359, class 1 {no condensation)
40 1o +70+C

110/220V 10 %

47 to 63 Hz {max. 500 VA]

safety class |

[oce. to |EC 348 and VDE 0411

435 mm x 236 mm x 570 mm, 27 kg
435 mm x 192 mm x 570 mm, 18 kg

CRTPO2 1052.6506.02
CRTCO2 1081.6000.02
CRTPEI 1052.9505.02
CRTPB7 1052.9257.02
CRTSK22 1034.4286.02
CRTSK23 1034.4305.02
CRTSK24 1034.4328.02
CRTPK22 1053.1050.02
CRTP-K23 1053.1108.02
CRTP-K24 1053.1150.02
CRTSK28 1034.4405.02
CRTS-K38 1034.4457.02
CRTSKA48 1034.4670.02
CROZPH2 1053.0501.02
CR4BPH2 1057.8157.02
CRTP-K52 1053.1308.02
CRTPKS53 1053.1350.02
CRTP-K 54 1053.1408.02
CRTP-K55 1035.1450.02
CRTPKS58 1075.8105.02
CRTPK 59 1075.8357.02
CRTP-K62 1075.8505.02
CRTPK&3 1075.8557.02
CRTP-K &4 1075.8605.02
CRTP-K 65 1075.8657.02
CRTPK68 1075.8705.02
CRTP-K 69 1075.8757.02
CRTS K1 1034.4228.02
CRTS K2 1034.4105.02
CRT-Z2 1039.9005.02

Note: DCS 1900 data are only applicable to CRTCO?2

Cerfified Quality System

ISO

Q001

DQS REG. NO 1954-02
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