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The following abbreviations are used in this application note for Rohde &
Schwarz test equipment:

e The R&S®SMU200A vector signal generator is referred to as the SMU.
e The R&S®SMJ100A vector signal generator is referred to as the SMJ.

e The R&S®SMATE_200A vector signal generator is referred to as the
SMATE.

e The R&S®FSQ signal analyzer is referred to as the FSQ.
e The R&S®FSU spectrum analyzer is referred to as the FSU.
e The R&S®FSG signal analyzer is referred to as the FSG.

The R&S logo, Rohde & Schwarz, and R&S are registered trademarks of
Rohde & Schwarz GmbH & Co. KG and its subsidiaries.

You can generate all test signals described below with either SMU, SMJ, or
SMATE. You can analyze them with either FSQ, FSU, or FSG. To simplify
the reading only 'SMU' and 'FSQ' are used on the following pages.
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1 Overview
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The technical specification TR45.912 [1] issued by the 3" Generation
Partnership Project (3GPP) introduces a feasibility study for evolved
GSM/EDGE Radio Access Network. To achieve higher data rates and to
improve spectral efficiency the following functions have been specified:

e QPSK, 16 QAM and 32 QAM modulation schemes will be included.

e Turbo coding shall be used in Downlink instead of current
convolutional coding.

e Higher symbol rate (325ksps) as additional option instead of 271ksps.

In 3GPP these new signals are referred to as EGPRS2 signals whereas
Level A and Level B distinguish between normal and high symbol rate,
respectively.

The development of hardware for this evolution has already started,
requiring high performance equipment to provide test signals and to analyze
downlink transmitter quality.

The application note 1MA116 describes how to generate and analyze these
new EGPRS2 modulation schemes for receiver, power amplifier, and
transmitter tests using the SMU Vector Signal Generator and the FSQ
Signal Analyzer. The high flexibility of the two instruments enable you to
dynamically adapt to changes of parameters for experiments and further
evolution.

Sections 2 and 3 of this application note show how to generate QPSK, 16
QAM and 32 QAM bursts using the described predefined 1/Q settings. In
addition information on how to download predefined EGPRS2 signals with
this application note is provided.

Sections 4 deals with analyzing these signals. Complete analyzer settings
including training sequences and the new user modulation mappings for
rotating QPSK, 16QAM and 32QAM can be downloaded together with this
application note (please see section 4 for details).

In section 5 and 6 (appendix A and B), you find in detail how to set up your
own test signals using the R&S software WinlQSIM, version 4.44 or later.
Finally, in section 7 (Appendix C), the various parameters of the attached
analyzer setups for the new modulation schemes are documented.
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2 Generating Predefined EGPRS2 Signals

The EGPRS2 signals presented in this application note will be generated by
the Arbitrary Waveform Generator ARB (SMU-B9, B10, or B11, or SMJ-
B50, B51 respectively). Download the predefined files from

http://www.rohde-schwarz.com/appnote/1MA116.html

The *.zip files listed below contain files for 8PSK (as reference), QPSK, 16
QAM and 32 QAM for both normal (270,833ksps) and high (325ksps)
symbol rate in accordance with 3GPP standardization. For high symbol rate
modulation signals with legacy pulse shape as well as new wide pulse
shape are included for download (cf section 3 for details). Each package
includes signals using the different training sequences (TSCO — TSC7) as
specified by 3GPP TS 45.002 [2]. All signals have 8 slots active with full
power throughout the frame. Each signal is 16 frames long, i.e. after 16
frames the random data content is repeated. Unzip the downloaded files on
your PC. Depending on the type of data the ARB will be loaded in different
ways, see fig. 2_1.

e EGPRS2_A_8PSK.ZIP

e EGPRS2_A_16QAM.ZIP

e EGPRS2_A_32QAM.ZIP

e EGPRS2_B_QPSK_LG.ZIP

e EGPRS2_B_QPSK_WP.ZIP
e EGPRS2_B_16QAM_LG.ZIP
e EGPRS2 B_16QAM_WP.ZIP
e EGPRS2_B_32QAM_LG.ZIP
« EGPRS2_B_32QAM_WP.ZIP

All necessary files in order to generate the above files with WinlQSIM as
described in section 5 and section 6 are included in the following file
packages (available for download with this application note):

e EGPRS2_A_WinlQSIM.zip
e EGPRS2_B_LG_WinlQSIM.zip
e EGPRS2_B_WP_WinlQSIM.zip
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wy Files WinlQSIM Setting Files  User Files

auoaie)

o

Fig. 2_1: Signal generation for EGPRS2

The file format which runs on the ARB is always waveform (*.wv files).
These files cannot be modified.

>

>

Load *.wv files e.g. from USB memory stick directly (or via R&S
firmware WinlQSIM) into the SMU.

Take the R&S firmware WinlQSIM setting files as a starting point to
generate your own signals, see sections 5 and 6 of this application
note.

Use the R&S firmware I/Q Wizard or the ARB Tool Box, if you have
your own 1/Q stream, to convert data into a wv file and to load it into the
ARB.
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Loading and Running wv Files

1) Insert a memory stick containing your wv file(s) into one of the USB
sockets of the SMU.

2) Click config in the Baseband A block of the SMU diagram window.

In the list of the standards (fig. 2_2)

TD-SCDMA...

— OFDMAVLAN standards
IEEE 802.11 WLAN...
|IEEE B02.16 WIMAX...
DVB...

misc
Custom Digital Mod...
ARB...
Multicarrier CW\...

[— Satellite Navigation —

GPS...

—— Frequency Offset —

Fig. 2_2: Selecting the ARB

3) Choose ARB.
The ARB Waveform Modulation menu opens (fig. 2_3).

4) Select Load Waveform...

Arbitrary Waveform Modulation A a8l o
State Off |
Set To Default |
{Load Waveform... | Nnnel
Clock Freq 1.000 000 000 | MHz ~
TriggerMarker... | By p——
recent data sets
0)
Clock.. |
Sine Testsignals... |
Multi-Segment... |
c:
Multi-Carrier... | c: (Firmware) _

- d: (DATA)
- e: (USBDISKPRO)

Fig. 2_3: ARB modulation menu

Select |

Fig. 2_4: File tree

5) Click File Manager.

6) Copy your wv files from drive e: and paste them to drive d:\
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To run a wyv file

1) Mark the wv file in fig. 2_4 and click the Select button.

Go back in the ARB Waveform Modulation menu. The file name and the

Clock Frequency are indicated:

Arbitrary Waveform Modulation A

IState

Set To Default |
Load Waveform... |

EEDGE_16QAM

Clock Freq

TriggerMarker... |
Clock.. |

Kina Tactcinnale I

Fig. 2_5: ARB modulation menu

2.600 000 000 | MHz ~|

Internal

2) Start the ARB by switching State to On.

Note: Do not forget to set frequency and level, and to switch on the RF!

Loading Predefined Settings to WinlQSIM

EGPRS2_* WinlQSIM.zip contains - for QPSK, 8PSK, 16 QAM and for 32

QAM - the following file types.

*igs  WIinIQSIM configuration

*dbi  Modulation and control data

*.ded Editor settings

*imp Modulation Mapping

1) Extract the 4 files belonging to the same modulation type to one
subdirectory on your PC. Use different subdirectories for the modulation

schemes.

2) Connect PC and SMU via IEEE-Bus.

3) Run WinlQSIM on your PC.
4) Click File, Open Settings

5) Select your igs file ('igs' is the extension for I/Q setting files).

WinlQSIM automatically loads the other files when they will be needed.
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Transferring WinlQSIM Data to SMU

If this is your first transmission, select the type of the ARB, see step 1).
Otherwise proceed with step 3).

1) Click ARB, Select Target ARB..., see fig. 2_6 and 2_7.

Graphics |ERB | Window  Help

;,IERT $ §| iiﬁ;t Target ARE. .. : |
Bung - !
= SMIG (AREY 3 | == J
SMU, SMI, SMATE (ARE) [
iy SEU (ARB:I » L} by e
. (L AMSDD r
‘ e Preserve ARE Options on Settings Load
Open ARE Options. ..
R Save ARE Options... e
- = LN - " e - P l e -.‘.-. & -
Fig. 2_6: Selecting...
8 x|
Target AAE 5MU-BY, SMJ-BT, SMATE-ES b
AMI002
AREP AMID03
araneter AMID04
SHMIQBED

v SMU-B3. SMJ-B3, SMATE-B3
SkU-B10. SMJ-B10, SMATE-B10
0K SwMU-B11, SMJ-B11, SMATE-B11
SFU-K35 (64 MS)

r SFU-K35 (128 M5) I
o -h AM300

Fig. 2_7: ... your ARB.

2) Select your hardware, click OK.
3) Click ARB, SMU..., Transmission..., see fig. 2_8.

hics | ARE | Window  Help

Seleck Target ARE...
a ’
AMIC £ -
M1 (ARE) i S 8 o
[ SMU, 5M3, SMATE (ARE) | Transmission. .. |
SEU (ARE] .

Signal Statistics and Quantization. ..
‘ Arand Marker Setting. ..

Preserve ARE Cptions on Settings I DLIST Transmission, ..
Open ARE Options. ..
Sawe AREB Options. ..

Fig. 2_8: Data transmission to the ARB.
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The Waveform Transmission panel opens:

“jSMU Waveform Transmission a8 x|

{User Comment for File s aveform;

Source
o |ntarnal [win ID510)]
Rl |
— Destination
{6 SMU  [DAEEDGE_TB0AM.wy
 File |
"~ Rezampling to wanted clockrate
[T 0On ‘Wanted Clockrate g 10000000000 Hz

™ I8 swap
W Automatically load and start waveform in:  Path & 7i

Tranzmit Cancel |

Fig. 2_9: Waveform transmission to the ARB.

4) Add an optional comment.

5) Enter drive D:\ as Destination on the SMU:

(The Clockrate is set according to the igs file. You don't need to resample.)
If you activate the checkbox Automatically load and start waveform the ARB
is started immediately after the data transmission.

6) Click Transmit.

Now WinIQSIM calculates the 1/Q data, based on the content of the other

files, converts it into the waveform format (with extension ‘'wv') and
transmits it to the SMU.

Note: Do not forget to set frequency and level, and to switch on the RF!

Transferring User Data to SMU

IQWizard and the ARB Tool Box convert various I/Q data into wv format.

Download IQ Wizard and a detailed description from

http://www.rohde-schwarz.com/appnote/1MA28.html

Download the ARB Tool Box from
http://www.rohde-schwarz.com/appnote/1GP62.html|
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3 Signal Description

Table 3_1 compares the EGPRS Normal Burst with the new evolved EDGE
burst structure.

Normal symbol rate (270.833ksps) High symbol rate (325ksps)
Level A Level B
8PSK 16QAM 32QAM QPsK 16QAM 32QAM
(EDGE)
Tail (left) 3 symbols 3 symbols 3 symbols 4 symbols 4 symbols 4 symbols
ait{le 9 bits 12 bits 15 bits 8 bits 16 bits 20 bits
PRBS data 58 symbols 58 symbols 58 symbols 69 symbols 69 symbols 69 symbols
(left) 174 bits 232 bits 290 bits 138 bits 276 bits 345 bits
Training 26 symbols 26 symbols 26 symbols 31 symbols 31 symbols 31 symbols
Sequence 78 bits 104 bits 130 bits 62 bits 124 bits 155 bits
PRBS data 58 symbols 58 symbols 58 symbols 69 symbols 69 symbols 69 symbols
(right) 174 bits 232 bits 290 bits 138 bits 276 bits 345 bits
o s 3 symbols 3 symbols 3 symbols 4 symbols 4 symbols 4 symbols
Tail (right) 9 bits 12 bits 15 bits 8 bits 16 bits 20 bits
Guard 8.25 symbols 8.25 symbols 8.25 symbols 10.5 symbols 10.5 symbols 10.5 symbols
uar 24.75 bits 33 bits 41.25 bits 21 bits 42 bits 52.5 bits
Total 156.25 symbols | 156.25 symbols | 156.25 symbols | 187.5 symbols | 187.5 symbols 187.5 symbols
468.75 bits 625 bits 781.25 bits 375 bits 750 bits 937.5 bits
Frame 1250 symbols 1250 symbols 1250 symbols 1500 symbols 1500 symbols 1500 symbols
(8 bursts) 3750 bits 5000 bits 6250 bits 3000 bits 6000 bits 7500 bits
Table 3_1: Structure of EGPRS and EGPRS2 Bursts
Although the symbol rate is increased from 270.833 ksps to 325 ksps, the
timing of the burst and the frame remains unchanged. Depending on the
modulation QPSK, 16QAM or 32QAM at high symbol rate, the total number
of bits per slot increases up to 937.5, the number of bits per frame to 7500
respectively.
Fig. 3_2 shows the structure of the high symbol rate QPSK burst, as it is
built up in WinIQSIM.
Fig. 3_2: WinlQSIM building blocks and no of bits in the QPSK burst
To facilitate the power ramping, the guard period (G) has been divided into
a left part at the beginning of the burst, and a right part at the end. The
training sequence has to be divided into two blocks for 16QAM and 32QAM,
because the field length of a fixed pattern in WinlQSIM is limited.
We work with two different burst lengths to achieve integer symbol numbers
per slot (see Fig. 3_3). In one active slots (N374) the guard period is
shortened which is compliant to the standard. Instead of 187.5 symbols one
burst consist of only 187 symbols (374 bits). This is compensated by the
1MA116_06E.doc 10 Rohde & Schwarz



following burst with 188 symbols (376 bits), see fig. 3_3. The same principle
is used in case of 16QAM and 32QAM modulation.

Fig. 3_3: WinlQSIM building blocks and no of bits in the QPSK frame

The burst and frame structure for 16QAM and 32 QAM high symbol rate is
shown in figures 3_4 and 3_5:

Fig. 3_4: WinIQSIM building blocks and no of bits in the 16QAM and 32 QAM burst

Fig. 3_5: WinIQSIM building blocks and no of bits in the 16QAM and 32 QAM frame

The following figures 3_6, 3_7 and 3_8 show the symbol mapping for
QPSK, 16QAM and 32QAM.

EE_3pil4-QPSK
T T

T

A L 10 |
0.8 4
0.6 i
0.41 4
0.21 4

o L Lo
0.2 4
0.41 4
0.6 i
0.81 4

1 Lo |

Fig. 3_6: QPSK constellation diagram for EGPRS2
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EE_1pil4-16QAM
T T

T
i |
o8r 1011 1001 0001 0011 b
+ + + +
0.6 E
0.4 R
, 1010 , 1000 4 0000 4 0010
021 E
ok |
0.2 L 1110 , 1100 , 0100 , o110 4
0.4 E
0.6 R
JELEEL , 1101 , 0101 , o1t
0.8 R
al |
. . . . . . . . . . .

Fig. 3_7: 16 QAM constellation diagram for EGPRS2

EE_7pi/4-32QAM
T T T

o8 + 00010 + 00011 , loo11 , 10010

0.6 ~

N 00110 N 01110 4 01010 I 11010 I 11110 I 10110
0.4+ ~
0.2F + 00111 + 01111 + 01011 11011 4 1111 , 10111 -
ok 4
N 00101 N 01101 4 01001 I 11001 I 11101 I 10101

0.2k 4
-0.4- 4
+ 00100 + 01100 + 01000 . 11000 , 11100 . 10100

-0.6 4

-0.81 4
_ 00000 - 00001 . 10001 . 10000

Fig. 3_8: 32 QAM constellation diagram for EGPRS2

Gray-code for transitions between neighboring symbols is applied. The
QPSK modulation uses a symbol rotation of +3rx /4, the 16 QAM modulation
uses a symbol rotation of +r /4, and the 32 QAM modulation uses a symbol
rotation of -r /4. (These modulation schemes can be loaded as USER
MODULATION in the analyzer, see page 15).

The introduction of an increased symbol rate calls for a wider pulse shape
filter compared to the legacy GMSK/EDGE filter in order to exploit full
performance gain. However a wider pulse shape results into an increased
adjacent power leakage, while at the same time co-channel interference is
reduced. In 3GPP standardization comprehensive studies were performed
investigating in which scenarios a wider pulse shape is acceptable. Results
depend significantly on the underlying scenario and/or specific network
deployment. On the edge channels in operator allocations where there is no
guard channel, or in networks or cells which might exhibit higher levels of
adjacent channel interference than normal the use of a wider pulse shape
was judged critical. In order to allow flexibility for adaptation to certain
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scenarios the following solution was found. For Level A (normal symbol
rate) operation the legacy (narrow) pulse shape shall always be used.

For Level B operation (high symbol rate) the modulating symbols as
represented by Dirac pulses excite one of the following linear pulse shaping
filters:

¢ a spectrally wide pulse shape c’(t) as described in more detail below or

e a spectrally narrow pulse shape c,(t) which is the linearized GMSK
pulse as defined for GSM/EDGE.

The base band signal is

y(t) = Z§i -c'(t'—iT + 2.5T) for the wide pulse shape and

y(t) = Zﬁi -co(t'=iT + 2.5T') for the narrow pulse shape.

For the wide pulse shape signal c’(t) is the continuous time representation
of a discrete pulse shape c, = ¢'(nT;) where Ts is the sampling period equal
to T/16 and n =1, 2, ...97. A closed form expression of c'(t) is not available
because the spectrally wide pulse shape was numerically optimized based
on a set of discrete filter coefficients. The continuous time function can be
obtained by

¢ low-pass filtering the discrete time function with a pass-band of
400kHz and a stop-band beginning at 2600 kHz and

e truncating the duration to the time interval [0, 6T].

For the uplink, the pulse shape that shall be used when transmitting a burst
is dependent on the parameter 'Pulse format' that is sent to the mobile
during assignment of resources. In consequence the choice is left to the
operator in which scenarios to use the wide pulse shape filter on a case by
case basis. For the downlink the spectrally narrow pulse shape shall always
be used avoiding possible critical scenarios at cell borders. The EGPRS2
signals provided with this application note use the legacy (narrow) EDGE
pulse for normal symbol rate. For high symbol rate both EGPRS2 signals
with legacy narrow pulse and new wide pulse are available for download.

The predefined wv and WinlQSIM files generate a sequence of 16 frames.
This is sufficient e.g. for power amplifier tests. For RX bit error
measurements with PRBS9 we recommend a sequence length of 511
frames to have a seamless data flow.

Figure 3 9 displays one 32 QAM burst recorded by the FSQ Signal
Analyzer. For this specific example all 31 training sequence symbols have
the value 0, which is arbitrary for some examples within this application
note. As the symbols of the midamble do not change there is no level
change during this period.

13 Rohde & Schwarz
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Fig. 3_9: 32 QAM burst: power vs. time

Find more representations of EGPRS2 signals in the following section of
this application note.
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4 Analyzing EGPRS2 Signals

Weas/Ref

Signal

MASMTUCE
(RELATIVE)
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All following measurements are done using the option Vector signal
analysis VSA (FSQ-K70 or FSU-B73 resp.) for R&S signal and spectrum
analyzers.

Measurements with the VSA include
e  Magnitude vs. time

e Phase vs. time

e Real/Imaginary (I/Q) vs. time
e Eye diagram

e 1/Q constellation

e  Mean power

e EVM

e  Magnitude error

e Phase error

e  Carrier frequency error

e  Origin offset

e Gain imbalance

e  Quadrature error

¢ Rho

. Demodulated bits

Further measurements include:
e  Spectrum due to modulation
e  Spectrum due to switching

(These measurements can be done without the VSA.)

Loading Predefined VSA Standards into the Analyzer

Complete settings of the VSA can be stored as a DIGITAL STANDARD on
the analyzer. In particular a VSA standard includes

e  symbol mappings,

e  patterns, and

o filters.

DIGITAL STANDARD:s of the VSA can be exported and imported.

The file EDGEevo VSA Standards.zip contains a set of digital standards
for normal and high symbol rate, for all relevant modulation schemes and
for legacy and wide pulse shape signals. A reference setting for
demodulation of 8PSK signals is included too.
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Download the zip file from

http://www.rohde-schwarz.com/appnote/1MA116.html.

To load the setup into the analyzer
1) Unzip the files to an USB stick, insert it on the FSQ.

HOME VSA

‘ IMPORT J
L

On the analyzer

2) Press HOME VSA.

STAnbARDS 3) Press NEXT, IMPORT.

4) SetPATHto F:

5) Press STANDARDS.

6) Alist of the DIGITAL STANDARDS on the USB stick appears.

MAPPINGS

PATTERNS

FILTERS 7) Select the first one, press ENTER.
8) Select the second one, press ENTER.
EQUALIZERS 9) etc

10) Press HOME VSA to return.

Now the standards are stored on the analyzer. E.g. an entry will appear in
the VSA MODULATION & MAPPING table as USER-QAM, Pl/4-16ary and
7Pl/4-32ary. Still none of the standards is activated.

To activate the standard
11) Press DIGITAL MODULATION.
= 12) Press GENERIC LIST, select (ALL).
DIGITAL GENERIC
STANDARD I LIST
13) Press STANDARD LIST.
e 14) Select an entry, e.g. EGPRS2_B_32QAM_G
15) Press ENTER.

Notes: The DIGITAL STANDARD does not include the frequency and
level setting of the analyzer. Enter these parameters manually.

As part of the digital standard all training sequences (TSCO-7) specified in
3GPP TS 45.002 (Release 7) [2] have been included.

If one of the corresponding predefined test signals (described in section 3)
is applied at the RF input (and frequency and level are adjusted correctly),
the analyzer records continuously, synchronizes on the midamble, and
presents valid results.

1MA116_06E.doc 16 Rohde & Schwarz
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Measurements Using the Predefined Setups

The following screen copies are partly taken from a 16 QAM, partly from a
32 QAM signal. These example screen shots have been created before
3GPP had defined training sequences in detail, i.e. this training sequence
has equal symbols. Still these pictures serve illustrative purpose as the
used specific training sequence can easily be identified within the burst.

Fig. 4_1 shows the magnitude vs. time of a 16 QAM burst. During the
midamble there is no symbol change; thus the power remains constant. Left
and right you see PRBS data.

16QAH
SR 225 kHz Weas Sigaal

[y | ! L At !, il |
e i 1 . [0 L
S R LR T I R I
220 [anam L I MI I
S | ] 11 L |
B feoon 00 NN AT L !

e [P e W | 1

I, f 1]

d [

Fig. 4_1: Magnitude vs. time

Fig. 4 2 shows the phase vs. time of a 16 QAM burst, fig. 4 3 the phase
versus time of a 32 QAM burst.
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Fig. 4_2: Phase vs. time / 16 QAM
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Fig. 4_3: Phase vs. time / 32 QAM
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Because the symbols do not change during the midamble, the constant
phase shift in this region shows the symbol rotation: +r / 4 per symbol for
16 QAM, and -rt / 4 per symbol for 32 QAM.

Fig. 4_4 displays the I/Q vector representation of a 16 QAM burst.
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Fig. 4_4: Real / Imag (1/Q) vs. time / 16 QAM

You see the constant phase difference between upper and lower curves
during the section of the midamble because the symbols are all the same.

Fig. 4 5 and fig. 4_6 show the rotating constellations:

EEDCE_1 6 A
£ 323 kHzx pheaa Signal

Ref -13 din ce 950 wHz CunabDLag
10
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_#L_ _I_ - __I_ _al__
= i i
| | | |
[ | | [
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oo ' =
I S I E S
EEDEE_160R#_3 1SY&EQL 0 0 0 0
-1 0
-2.908505 U 521,701 o ¢ 2802505 0O

Fig. 4_5: 16 QAM Constellation
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Fig. 4_6: 32 QAM Constellation
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Eye diagram:
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Fig. 4_7: Eye diagram / 16 QAM

The most important signal characteristics are presented as values in the
RESULT SUMMARY, see fig. 4_8:

EEDEE_1 60 At
e 2h 225 kHz Syneiod Rec
Rzt -13 4Em 3 950 #H=z
E_160Rsi_313YsE QL FFaul E Beak ab3ym|Unib|-0023 |F F F 3 30 1 28C A3 4EF AZCT
E e o.170 0.266 -23 L] -O0o00s |5 9 6 2FEARDDGE DD 2 20 70D -3
imgnitude Eee 0.0&60 o.2:23 =323 L] gool2 |5 &« B R 5789 77038902 7FREHR
Bhasg Eccoc 0.o013 o.3v -23| 4%y |[OO0031 |2 &« 3 3 85 E 0D 3 A1 ODELLFFED?T sl
CaccigcPeeq Eccl 21.E219 Hx goos3 | F FF FEEFEFEFFFEEFEFEEFEFP
Ii hipE Dcoop -o0.00 dE goos? |[E PR FEEFPFPEPPPPIEEIEGE
Oeigin Offack -88.232 4E gOopES |4 1 29 DA 3 CF 8E 13522200
Qain Imbalance -0.01 4E goio2 |E 2 92 380 4«42 Z2089CAEDIDE
Quadcabuce Ece -0.01 dey 100121 |8 E 931 42 E 4F D3 25EF 26 h
AREE RHO 0.99595887 gpolz3 |6 6 0 2 189 4 689 7FF
10 4z ®ean Eomac -31.57 | -17.05 6| 4Em
SHR [(MER} 53.289 4E

Fig. 4_8: Result summary / 16 QAM

On the left side of the summary table, you find all the important quality
characteristics of digital modulated signals such as EVM, Magnitude error,
Phase error, Carrier frequency error, Origin offset, Gain imbalance,
Quadrature error, Rho, Mean Power, and SNR.

On the right side you see the demodulated bits. The pattern marked green
represents the midamble which the analyzer uses to synchronize to the
signal.

Figure 4_9 shows a long time analysis of the numerical results:

EEDZE_1 6k

P Sh 323 kHz Sy diod Rec
Ref 10 dEm CF 930 mH=x
E_LleQhe_31S¥MEOLS _F Cucceab Swesh SEaEiabic Counk 30 of 50 (aEd AWE
Reaulk Bz ak ak Spm i RS SEdbgr 93pekl |[TobEal EK Onikt n
B i 0.120 0.482 55 0 .16 4 0.1 40| 0.024 0.304 0.916( %
Magnituds Ecc o.ovg 0.z203 L] 0 .0E & 0.053] 0. 0s0 0.315 %
Ehaae Eceoc o.o8 -0.322 3l o.o8 -0.00 [ 0.37 ey
E CaccigcPceq Ecc 20.34% 2B . 6% ZB. B4 338.73 2.4 Hx
hopE Dcoap o.o01 o.oo o.oo -B3. 4% aE
Ocigin Offack =30.14 =71.38 -71.898 =78 36 dE
Gain Inbalancs -0.01 -0.00 -o.00 -B4. 898 aE
REE Quadca buce Ecc 0.03 0.04 0.0z 0. 02 dag
4n ap RHO [EEEEER] 0 .8995558 7 0.999997 0. 000000
Wigan Powge -0.18 4. 31 21 o.oo -0.80 -2. 24 .73 dAEm
SWH [MER} 34.28 33.73 33.74 28,47 aE

Fig. 4_9: Statistics of the numerical results
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5 Appendix A: Generating 16 QAM Test Signals with WinlQSIM

1MA116_06E.doc

Though setup files are provided for download, a detailed description of the
signal generation with WinlQSIM is given here, which allows for
modifications according to individual needs that may come up during
testing. For more details on operating WinlQSIM please consult the
WinlQSIM manual.

Setting up Signals with WinlQSIM

WinlQSIM is a powerful tool to generate signals with a wide variety of
modulations, coding schemes and modulation data for most communication
systems. According to the desired signal structure, data fields, slots and
frames must be defined in order to have modulation data for the signal.

WinIQSIM starts with the following screen:

File Spstem! Data Modulation |mpaiments  Graphicz ARE  Window Help

DEEgl o sl a8 B ol e
O—1 T
O & = N I e o B

Block Diagram - Single Carrier

File Mone 16 QAM 14600 Root Cosine Hanning 325.000 kHz © 8 2600
Phasze Distartion
12 Impairments Fhasze Moise
oft TR on off T on -|
L Bandpass Amplifier Dist. Multipath Offzet
of [ on of T on off 1 on off T on
Interferer

L Receiver Filter Quantization Smoothing IF Generation
off 8 on off T on off T on . off T on

Fig. 5_1: WinlQSIM startup menu

Sidebands

of B on

Ci Interferer

or B on

MNoise

off 58 on

Add Signal

off B8 on

The signal generation is done in following steps:

e Define and calculate the modulation data structure with the
WinlIQSIM Data Editor (menu Data Source), including power ramp
settings.

e Set modulation and mapping (menu Modulation Settings).

e Transfer signal to arbitrary function generator in Vector Signal
Generator SMU.
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Use of Predefined Setups

If you decide to use predefined setups for signal generation, e.g. available
from: www.rohde-schwarz.com/appnote/IMA116.html, you can skip these
steps and open the settings from WinlQSIM File / Open Settings menu.

K2 WinlQSIM [Single Carrier) - EDGE_160AM .igs

File | Systerl  Data  Modulation  Imparments  Graphics

Mew... Clrl+t | ét :
| Open Seftings... Cirl+0 |

Save Settings Asz... Ctrl+5 é_}

S ave for AddAdult Carier Mised Signal... o

Save Mod. Mapping...
Save Mod. Filker.. ok Diay
Save Heceiver Filter...

Save Bandpasz Filter. ..

Show Beport...
Exxit Ctrl+ r oIt

Fig. 5_2: WinIQSIM File Open Settings menu

Define Modulation Data for 16 QAM Signal Level A

WinIQSIM contains a data editor which allows to set up a signal according
to the structure specified in 3GPP GERAN standardization.

Data Editor - EDGE_160AM.ded

File  Configure  Calculate

.......... Eoiie
F

Data Field

Cirtgue . S|1 ol ¢ .‘

Configure
Frames am

| |
Power Ramping Calculate and Save BERT
Settlings Sequence Settings

DataSeq  \FDGE_160AM\EDGE_16HAM.DEI
Output File Close |

Use sequence as data source
W [data zource 0]

i

Fig. 5_3: WinlQSIM Data Editor

Data fields form a slot, slots form a frame, and frames form a sequence up
to the wanted signal length.
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According to the structure given in table 5 4, data fields are set up as
follows:

Data Field Length /Bits Data
Gl 16 Guard (left)
Tall 12 All 1
Data 232 PRBS
TS0a 52 Training Sequence
Part 1
TSO0b 52 Training Sequence
Part 2
G2 20 Guard (right)

Table 5_4: Data fields for 16 QAM used in WinlQSIM Data Editor

All data fields are specified with their length in bits and the appropriate
modulation data using the New button repeatedly in the menu Configure
Data Fields of WinlQSIM. They built up a so-called Data Field Pool.

Configure D ata Fields

[rata Field Pool
Mame Length f Bits Color Data
L Hew
TAIL 12 Pattern

Data 232 |_ FRES

il 16 | aid e
Tsco | &2 ||  Fattern
uszs | eze ] [ a0 ]

d

Delete

*

Define/Edit Data Field

Mame | T5C0 Irfo | TSC0 st part
Length ¢ Bits 3]52 Color [
Data |  Fattem -] [111111110011111111 1100111111001

oK | Cancel |

Fig. 5_5: Data Field Pool

The EGPRS2 signals available for download with this application note use
PRBS9 data, i.e. pseudo random data is generated for the data field.
However the field Data contains also a special mode. If the Data of a field is
set to BERT-PRBS, the WinlQSIM PRBS generator will be halted at the end
of the field until the next occurrence of this particular field, in the same or in
a following slot or frame. There the PRBS sequence will be resumed. This
is important for bit error rate testing (BERT). You get a seamless data flow
at the demodulator output of a receiver under test.

22 Rohde & Schwarz



1MA116_06E.doc

Corfigure D ata Fields

—Data Field Poal

Marme Length / Bits Colar Data
TAIL 12 Pattern —
pata | 23z | |EERT-PRES c
G1 16 1R et
TO_D 52 ’; Pattern

Delete
UB2¢ 624 | All D

J

"

Define/Edit Data Field
Mame I Data Infa | Drata Bits

Length / Bits {232 Color [N

Data BERT-FRES

ak. | Cancel |

Fig. 5_6: BERT-PRBS data used in field Data

Data field TAIL is used for Tail (left) and Tail (right). It is 12 bits long, all bits
set to “All 1”.

Data field Data, 232 bits long, represents the encrypted bits right and left.

The training sequence with 104 bits is split into 2 parts with 52 bits each.
Splitting is necessary due to limitations of the pattern editor in WinlQSIM
(79 bits maximum). The Bit Pattern is set in accordance with training
sequences specified in 3GPP TS 45.002 (Release 7) [2].

Configure D ata Fields

Data Field Pool
Marme Length / Bits Calor Data |
51 16 | A

TSCO 52 | Fattem
UG24 B24 AllD 4|
UBz28 §28 A0 r

Delete |
Tsco | &2 ||  Fattern i

Cefine/Edit Data Field

I ame I T5CO Infa | T5C0 2nd pert
Length / Bits S]52 Color [N

Data I Pattemn vl |1111DD1111111111111100111111111
Qg | Cancel |
WFH S
1gs

Type in bit pattern [only 0 and 1 sequences possible]

[maximum length 79 bitz)

Current Position Bit Pattern

0 |111100]]]]1111111]1]0011111]]]]1C

ak Cancel |

Fig. 5_7: Pattern editor for Training sequence

Different EGPRS2 signals using the specified training sequence TSCO to
TSC7 have been generated.
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The Guard part is also split into two halves. One half is put in front of Tall
(left), the other half follows Tail (right). This gives the opportunity to easily
adjust the appropriate rise and fall times for the total burst.

In case of Level A (normal symbol rate) one burst of EGPRS2 signals
contains 156.25 symbols. To achieve an integer number of symbols, the
standard allows to vary the length of the guard period G. Thus two bursts
within the frame are only 156 symbols (624 bits) long. To yield an average
of 156.25 symbols they are alternately used with six other burst which are
157 (628 bits) symbols long.

The next figure shows how the active slot is composed from the Data Pool.

Configure Slats
~Slat Pool —Data Field
M TAIL =
Nare  [LengthsBits] calor | 4 =l e | £
ME28 | 628 | Capy | > Agpend |
U624 624 Delets |
L6238 628 Inzert |
v I rle+Puwirp |
Beplace |
Mame I ME2E Infa I Marmal Burst
Color [N Length / Bits [528 -
Delete Data Field in Slot | Qg | Cancel |

Fig. 5_8: Slot representation of a normal burst for 16 QAM modulation

The position of the power ramping is set by pressing the button Mrk+Pwrp
in this menu.

LConfigure Slots

- Slot Pool

Data Field
Mew TAIL -

‘ Marne |LengthIB\ts| Calor‘ 2

12
NE28 | 628 | F Copy | Append
=

| usa | e | |

[ usss [ e | | é) Irsert
Mik+Fuip

el

Hame HEZ2 Info Tt 3
Color [N Lenath 4 Bits [628

TAIL
i Marker to edit

Delete Data Field in Slat

Use seq
| ¥ (data so.

D 20 40 6D 80 100 130 14D 18D 180 200 220 240 280 260 A0 30
4 | »

WWW.I'Q [ - Aldomn RampiPes iz =Pos 12 in data field 51
= 4l

[T« Ramewp Fiamp 2 Pos 612 “Pos 4 in data fisld G2

E(" Ramp down

T Usr d

Tl Gzt ox | Cancel |
L1« Rampdounup

I 5
Fig. 5_9: Power ramping for normal burst
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Ramp up is set to bit position 12, Ramp down to bit position 612. Together
with the general ramp settings these positions allow alignment with the
power ramp mask.

Note: Bit positions have to be aligned with symbols, since Ramp Time
has to be set in symbols.

Fig. 5_10: Rise and fall timing for power ramping

The whole frame is created as follows:

Fig. 5_11: Frame for 16 QAM modulation

This frame can be repeated for BER testing by the settings in the Repeat
Frame field. The memory size of the installed ARB option limits this
parameter.
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A click on the Calculate and Save Sequence button of WinlQSIM completes
the setup of the modulation data.

Data Editor - EDGE_160QAM.ded

File Configure Calculate

Canfi =
Danress | Data Field

Caonfi

o - S|1 of t .

Configure

F[ames i a m ‘
7 1

Power Ramping | | Calculate and Save BERT
Settings Sequence Settings

: |\EDGE_1 EOAMMEDGE_1604M.DEI
H Cloze |

Usze gequence as data source
I [data zource 0]

Fig. 5_12: Press Calculate and Save Sequence to complete data generation

Modulation Settings

Menu Modulation Settings of WinlQSIM is used to set the parameters for
QAM modulation and for the mapping of the test signals.

kodulation

I todulation
Modulation Type I Uszer vl
Reference Level -|0.0000 dB
Coding INnne 'I

Spmbol Rate 3325.000000  [kHz x|

Sequence Length §24DDD Zpm

r-Filter & window

Filker Function |User |

Rl P joon

“Window Function m
GhebpshevRipple/del ooo

| mpulze Cenath gs—

Owerzampling [ Auto g'IE—
Bb. Impulse ¥ Auto Im

k. Cancel | Advancedl >

Fig. 5_13: Menu Modulation Settings for standard 16 QAM modulation

Fig. 5_13 shows the settings for a standard 16 QAM modulation Level A
signal using the wide pulse shape in WinlQSIM. A specific mapping has
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been specified for 16QAM, i.e. Modulation Type “User” needs to be
selected together with a User Mod. File “A_16QAM_LG.imp”. In addition in
case of EGPRS2 Level A (normal symbol rate) the known EDGE pulse
shape is to be used. Consequently Filter Function has to be set to “Gauss
EDGE". The required mapping is included in the WinlQSIM settings file
available for download with this application note.

odulation
rModulation
b odulati Uszer Maod. File IM_LG\A_‘I EOAM_LG.imp
Reference Lew .
Coding INone 'l Alpha [non unif. QAM] g‘I,DU
Sombol Rate g2?0.833333 IkHz 'l (F T b gD_ED
Sequence Length
rFilter / Windoe
Filter Func Wz Bl s | - Infio | I
Eilk: Bara: SiCowp. [ On Bl 050
“Window Function  |Rect =l 07f8-e o | & =
Ehebyshew Hipple /dE gD. oo
Impulze Length 35 ° * ° *
Congtellation o 0.000-
Owerzampling [ Auto 512 s s s =
Bb. Impulse v Auta IDirac 'I
a77e- 1 ° °
oK. Cancel | Advanced | st D.Dlﬂﬂ s

Fig. 5_14: User modulation with EGPRS2 16 QAM mapping

All parameters may be adapted according to individual needs.
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WinlQSIM Graphics Functions

The WinlQSIM graphics functions allow a convenient control of the set
signal.

= sl —e———————
e

0.5

0.0+
-D.E_HMM_
ERE !

0 250 500 750 1000 1250 1800

AT apm Calar D

Inphasze ift)

Zoom Wrzaom

1.0+

0.5

0.0+

Quadrature qlt)

0.5

1.0 ] I ] I [ 1
a 250 500 750 1000 1250 1500
Zoom | I rzaan | AT zpm Calar !

Fig. 5_15: Graphics of I/Q signals generated

In order to display the 16 QAM constellation set the Filter Function in menu
Modulation to Rect (rectangular, see fig. 5_13). This should be done only
for graphic illustration of the signal in WinlQSIM, do not use this setting for
generating test signals. Fig. 5 16 shows the constellation diagram of the
signal.

=—————— Graphics: Constellation Diagram
0.8

06—

0.4-

0.2+

0.0+

Quadrature qft)

0.2+

04~

06—

05 04 02 00 0z 04 08
hzaom | Inphasze it) Caolor D

0s

Fig. 5_16: 16 QAM Constellation Diagram (Rect filter used for graphics)
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6 Appendix B: Generating 32 QAM Test Signals with WinlQSIM
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Setting up 32 QAM signals is very similar to setting up 16 QAM signals. So
only a few additional hints are given here for the example of a 32QAM Level
B (high symbol rate) signal with narrow pulse shape filter. Predefined
settings are available for WinlQSIM.

As 32 QAM modulation transmits 5 bits/symbol instead of 4 bits/symbol at
16 QAM, different data fields have to be defined. Every field now contains
5/4 times the number of bits compared to 16 QAM modulation with the
same symbol rate.

Data Field Length /Bits Data
Gl 25 Guard
Tail 20 All 1
Data 345 PRBS
TSCO 78 Training Sequence Part 1
TSCO 77 Training Sequence Part 2
G2 30 Guard

Table 6_1: Data fields for 32 QAM used in WinlQSIM Data Editor

In the same way as for 16QM signals the training sequence is split up into 2
parts due to limitation of the maximum numbers of bits for the training

sequence field

Define Modulation Data for 32 QAM Signals Level B

Setup Data Fields with appropriate length according to table 6_1 similar to
the instructions given for 16 QAM signals.

Configure Slats

Delete Diata Field in Slot

—Slot Pool — D ata Field:
M TAIL =
| Mame |LengthIElits| Colar | = LI 20 =
MORM | 940 | Copy |
ur4g 940 Delete |
(Uriiy) 935
v b rk+Farp |
MName I NORM Info I Mormal Burst
Color [N Length / Bits [340 -

Append

Ingert

Beplace

el

ak. Cancel

Fig. 6_2: Slot representation of a NORM burst for 32 QAM modulation
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Two bursts with different length are used to achieve integer number of

symbols per burst.

Fig. 6_3: Frame for 32 QAM modulation

Configure Frame
r—Slot Pool
: i e o ke
U748 Append
g || e |\ T T T |
U752 Insert |
935
Beplacel
o |5

Calculate and Save Sequence completes building 32 QAM modulation

data.

Modulation Settings

Select Advanced in the menu Modulation Settings of WinlQSIM. Select
User in the Modulation Type pull down menu to load the specific 32QAM
modulation mapping (B_32QAM_LG.imp) as specified in 3GPP TS 45.004
(Release 7) [3]. Accordingly the correct pulse shape filter setting — in this
case narrow pulse - is needed, i.e. with Filter Function set to User the
specific User Filter File EDGE_NARROW_TX_ifl is required.

Modulation

Modulation
Modulation Type I User 'I
Reference Level W dB
Coding Im
Spmbal R ate Wm
Sequence Length W 9m

User Mod. File M [M_LGE_320AM_LG imp.
PSK Rotation 314 pice

Alpha fnon urif. BaM) 100

GTRMb oos0

ChetyshevRipple /dB o0
Impulze Lematt gB
Owerzampling [~ Auto g18
Bb. Impulze ¥ Auto Im

ak. Cancel I Advanced I

rFilker 4 Window
Filker Function IUser 'l Uszer Filter File Infa | I\EDGE_NAHHDW_TX.WI
Filt: Bara: gD.DD SiComp. [ On B/ gD.ED
\indaw Function  [Rect =l 0778~ o ole o

Constellation = 0.000-

Fig. 6_4: Menu Modulation Settings for standard 32 QAM Level B modulation with narrow

pulse shape

30

Rohde & Schwarz



WinlQSIM Graphics Functions

Similar as above, WinlQSIM graphics can be used to display the 32 QAM
constellation diagram (Use Rect Filter Function).

=—— GGiaphics: Constellation Diagram
1.0+

0.8

0.E-]

0.4

0.2+

0.0+

Quadrature qlt)

0.2+

04~

05 04 02 00 02 04 05 08 10

Wrzaom | Inphaze it] Color D

Fig. 6_6: 32 QAM Constellation Diagram (Rect filter used for graphics)

» Download Signals to Signal Generator.

Downloading signals to signal generator completes the 32 QAM test signal
generation.
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7 Appendix C: Setups of the Analyzer for EGPRS2 Signals

The following section shows the parameters of the predefined VSA setups
(DIGITAL STANDARDs) used in section 4 of this application note. Take
these settings as a basic configuration for EGPRS2 which guarantees a
valid stable result display. Also use the settings to verify your current
configuration in the case of problems. All available settings are included in

DIGITAL

‘ HOME VSA ‘ STANDARD

(=N

ADJUST
REF LVL

EDGEevo_VSA_Standards.zip available for download with this application
MODULATION note.
SETTINGS
EuS
DEMOD
SETTINGS EGPRS2 Level A 8PSK 16 QAM 32 QAM
SARsTE o DIGITAL STANDARD EGPRS2_A_8PSK EGPRS2_A_16QAM EGPRS2_A_32QAM
MEAS SYM RATE 270.833 kHz
RESULT
a
MODULATION 8PSK USER-QAM USER-QAM
FIT TRACE
0
MAPPING EDGE EE_1pi/4-16QAM EE_7pi/4-32QAM
ZOOM
= MODULATION FILTER
TX GAUSS_LINEARIZED
RX EDGE_ISI
Meas Filter EDGE_MEAS

Table 8_1: Level A (normal symbol rate) modulation parameters

EGPRS2 Level B QPSK 16 QAM 32 QAM
DIGITAL STANDARD

Narrow Pulse EGPRS2_B_QPSK_G | EGPRS2_B_16QAM_G | EGPRS2_B_32QAM_G

Wide Pulse EGPRS2_B_QPSK_W | EGPRS2_B_16QAM_W | EGPRS2_B_32QAM_W
SYM RATE 325 kHz
MODULATION PSK USER-QAM USER-QAM
MAPPING EE_3pi/4-QPSK EE_1pi/4-16QAM EE_7pi/4-32QAM
MODULATION FILTER Narrow Pulse / Wide Pulse:

TX EDGE_NARROW_TX/EDGE_EVO_TX WP

RX EDGE_NARROW_100_ISI/ EDGE_EVO_ISI_WP

Meas Filter EDGE_MEAS_HSR / EDGE_MEAS_HSR

Table 8_2: Level B (high symbol rate) modulation parameters

Level A Level B
| DEMOD u] RECORD LEN DEMO SETTINGS
SETTINGS (B kSym)
RECORD LENGTH 5000 symbols 5000 symbols
— RESULT LENGTH 200 symbols 200 symbols

LINES

Table 8_3: Demo settings
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Fig. 8_1 explains the meaning of the different lengths to specify.

Useful
Length

Runin Runout

< >

RESULT LENGTH

[~

v

RECORD LENGTH

Fig. 8_1: Different lengths in the analyzer.

The RESULT LENGTH spans the section which will be displayed for
representations vs. time.

In order to evaluate the signal in an area with stable and settled signal
conditions the Useful Length field has to e specified accordingly. Several
internal demodulation and correction parameters are evaluated during the
Useful Length, and the Pattern is searched in this section. Use the
parameters Runin and Runout to skip ranges with potential invalid
modulation at the burst edges.

Level A Level B

BURST & PATTERN

BURST SEARCH ON ON
EXPERT SETTINGS

Useful Length 142 169

Max. Length 200 200

Runin 1 1

Runout 1 1

Min. Gap Length 1 1

BURST SEARCH MEAS ONLY ON BURST | MEAS ONLY ON BURST

PATTERN SEARCH ON ON

(see below) MEAS ONLY ON MEAS ONLY ON

PATTERN PATTERN

Table 8_4: Burst & Pattern

Numeric results such as EVM, Magnitude Error etc, the Symbol Table, and
EYE and I/Q display are derived from the signal between the evaluation
lines EVAL LINES.

The VSA examines the power ramping to find the burst. A search pattern is
necessary to synchronize to the rotating symbol mapping.

The patterns are chosen to correspond to the midamble of the signals
described in section 3 of this application note.
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HOME VSA

‘ FIT TRACE ‘

FIT
TRIGGER

1MA116_06E.doc

FIT
BURST

EIT
PATTERN

FIT ALIGN
LEFT

FIT ALIGN
CENTER

FIT ALIGN
RIGHT

FIT ALIGN
(50%)

SET SYMB#
(0Sym)

Notes:

The patterns included in the predefined DIGITAL STANDARD for EGPRS2
signals are those specified in 3GPP TS 45.002 (Release 7) [2].

» To enable the softkey PAT SRCH, select a pattern at first.

Change the FIT TRACE default setting:

> Enable FIT PATTERN.

» Enable FIT ALIGN CENTER.

» Set SET SYMB# to 2 symbols.

»  Set the pattern position PAT POS to 69 symbols.

In fig. 8_2, the analyzer synchronizes. The highlighted green search pattern
is stable, but the result quality (e.g. the EVM) is fairly poor.

EEDSE_1 6QA#
SR 333 kHz weas Signal

Ret -13 dEm ce 350 Killx Mg 1 Eude

I TP LA NSO Al ufulg ol ™

BN VN A T LR ERARAN & f L

[ [ ' rr 1]

[ . |

. |
h

1] -7
N i
T
|I
110 5 EEtrr—rpire— T
-35 aym 2 it 15 18,8735 aymyf 164.75 aym
EEDZE_1 G0k
SR 223 kHz Syinediod hee
Ref -13 dEm CE 930 Kz
E_Ll6Qkii_31 S¥eEof Refault Beak |abfym|OUaib[-0035(0 8 &« 2 4 0 0 & 2 C EE E F 28 O &
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Fig. 8_2: Result display (burst and noise).
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That's because the evaluation lines are not set correctly: a signal section
containing burst and noise is taken for evaluation.

»  Select a section within the active part of the burst by the two evaluation
lines, see fig. 8_3.

EEDGE_1 6Qhid
Sk 333 KHzx Mas Sigaal

Ref -13 dEm CF 950 wiHx Biagn ibude

| o T 21— —"1 sy b, = AT
[ T y W T

1
I ! ! IRk | 'l
|

E
e e SN i
2 ymbola 18.875 aymf 164.75 aym
EEDGE_1 60 Ak
Sh 3125 kHz Syinkiied hec

Fef -13 dEm (=] 3 830 wiHx

E_160Ak_21 SYME Of Rufaul b Beak |abSym|Unib|-002Z|F F F 2 F 6 % 8 6 FC 8 A 8 82 0
T 0.1359 1.205| -22| % -O0D03 |6 5 1A S F D16 IARCEZICTOLO
Wagnitude Ecc o.0354 0.241| -23| % oDl |0 6 E 6 EC 1 EEERAD I ZECE
Ehase Eccoc n.0s 0.53 -23| deg (DOOZ1(E 2 10 E9 2 07 51321830¢2CEGE
Tacciecfeeq Ecc| 22.63 Wz (00048 (BB EE EEEEEEEEEEEEEE
E e Ocoop .00 dE (D0006? [E E E E EF EEE EFEEE[C OOESTE
Dcigin Offast | -78.32 dE (DODE3 (0 F E 2 3 0 F 17 22 08 ¢EO01E
Tain Imbalanee| -0.01 dE (00102 (? c 0D B A9 1 C 6 D3C4C &4 D3
Quadcatuce Ece| -0.00 deg (001211 1 2 & E5 326 FE40C 2 A1 DA
RHO 0.89593937 00123 |7 EC 3 20D F 83 5FF
Hwan Eomec =21 .84 | -17.24 T| AEm
TWR (MERY 55.97 aE

Fig. 8_3: Result display of an active section of the burst
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9 Additional Information

This application note is updated from time to time. Please visit the website
1MA116 in order to download new versions.

Please send any comments or suggestions about this application note to
TM-Applications@rsd.rohde-schwarz.com.
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10 Ordering Information

Signal analyzer, spectrum analyzer, measuring receiver, and options

R&S® FSQx
R&S® FSUx
R&S® FSGx

R&S® FSQ-K70
R&S® FSU-B73

20 Hz to 40 GHz
20 Hz to 50 GHz
9 kHz to 8/ 13.6 GHz

Vector signal analysis

Vector signal analysis

Vector signal generator and options

R&S® SMU200A

R&S® SMU-B102
® SMU-B103
R&Si SMU-B104
®

R&S

R&S
R&S~ SMU-B9

R&s® sMU-B10
®
R&s® SMU-B11

R&s® SMU-B13
R&s® sMU-B31

R&S® SMJ100A
R&S® SMJ-B103
R&S® SMJ-B106
R&S® SMJ-B9

R&S® SMJ-B10
R&s® sMI-B11

R&s® SMI-B13
R&S® SMJ-B50

R&s® sMI-B51

SMU-B106

Vector Signal Generator

Frequency Range 100 kHz to 2.2 GHz
Frequency Range 100 kHz to 3 GHz
Frequency Range 100 kHz to 4 GHz
Frequency Range 100 kHz to 6 GHz
Baseband with dig. modulation (real time)
and ARB (128 Msample)

Baseband with dig. modulation (real time)
and ARB (64 Msample)

Baseband with dig. modulation (real time)
and ARB (16 Msample)

Baseband Main Module

High-Power Output

Vector Signal Generator

Frequency Range 100 kHz to 3 GHz
Frequency Range 100 kHz to 6 GHz
Baseband with dig. modulation (real time)
and ARB (128 Msample)

Baseband with dig. modulation (real time)
and ARB (64 Msample)

Baseband with dig. modulation (real time)
and ARB (16 Msample)

Baseband Main Module

Baseband generator, ARB only, 64
Msamples
Baseband generator, ARB only, 16
Msamples

1155.5001.x

1166.1660.x

1309.0002.x

1161.8038.02

1169.5696.03

1141.2005.02
1141.8503.02
1141.8603.02
1141.8703.02
1141.8803.02
1404.1501.02

1141.7007.02

1159.8411.02

1141.8003.02
1159.8011.02

1404.4507.02
1403.8502.02
1403.8502.02
1404.1501.02

1403.8902.02

1403.9009.02

1403.9109.02
1410.5505.02

1410.5605.02
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